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Electric Motor Enemy No. 8 


OVERLOAD 
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UNDERLOAD 


LTHOUGH the penalties are fess 
severe, ondesloading an indux 
tion motor is fost as clearly im 
proper as overloading i 
As indicated below, the total cor 
tent Apwing im an 4% €. cite is 
made up of two components: {1) 
“peal (useful) power” —~ that pro 
duces mechanical energy—and (2) 
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AX NINE electric motor enemies are present and ac- 
counted for in Allis-Chalmers’ new ‘Guide to 
Wartime Care of Electric Motors.” Streamlined instruc- 
tions and story-telling pictures describe what they are, 
where they're found, how to fight them. 

Designed for wartime U. S. industry, ‘““Guide to War- 
time Care of Electric Motors” has aroused such world- 
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wide demand that Spanish and Portuguese editions art 
now printing! 

You'll find this valuable new handbook ideal both for 
training new men and “brushing up” old hands. It con- 
tains no advertising. Write today for your free copy of this 
tremendously successful handbook to ALLIS-CHALMERS 
Mra. Co., MILWAUKEE, WISCONSIN. A 1625 
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ALLIS-CHAMMERS MOTOR! 
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NEED HELP? 


A few basic types of synthetic rubbers are 
being surrounded by an ever-thickening 
fog of trade names and other designa- 
tions. It is the result of the rapid devel- 
opment of the synthetic rubber industry 
and not a “deep-dyed plot” to confuse 
the unwary. 


But the fact that confusion does exist is 
a challenge to everyone vitally concerned 
with the new world of product develop- 
ment opportunities opened by synthetic 
rubber technology. 


Here at “Ohio Rubber,” ORCO techni- 


150-0 


\ 
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cians are keeping abreast of the compli- 
cated and ever-changing map of synthetic 
rubber. Without favor or prejudice (Ohio 
Rubber is a user, not a producer of 
synthetic rubber) ORCO technicians 
seek only to apply the advantages of 
ALL varieties of synthetic rubber to 
the particular requirements of each 
specific application. 


If YOU seek help on rubber or synthetic 
rubber for molded parts, extruded parts, 
or rubber-to-metal adhesion parts, 


CALL “ORCO.” 


eet! 
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BRANCHES: DETROIT »« NEW YORK + CHICAGO + INDIANAPOLIS +» WASHINGTON © CLEVELAN! 
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Each of these wire-twisting 
machines is driven and con- 
trolled by its individual 
Reliance V*S Drive—for 
smooth starting and 
smooth acceleration. 
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Four rubber-covered conductors and the plastic center filler 
are twisted into “Spiral-4” cable for use on the fighting fronts 
by this battery of machines, at the Point Breeze Works of the 
Western Electric Company. 


Here, as in many other applications, Reliance V*S Drive has 
provided the smoothness and flexibility of control which are 
vital to speed and quality of production. Low creeping speeds 
for adjustment virtually eliminate wastage, starting and acceler- 
ation are free from jerks or irregular motion and both quantity 
and quality of production are maintained at a high level. 


For complete information as to the possibilities of Reliance V*S 
Drive, call the nearest Reliance office, or write for Bulletin 311. 


RELIANCE ELECTRIC & ENGINEERING CO. 
1079 Ivanhoe Road * Cleveland, Ohio 


Birmingham ®* Boston ® Buffalo © Chicago © Cincinnati © Detroit © Greenville (S.C.) * Houston 
Kalamazoo * Los Angeles *© Minneapolis ® New York ® Philadelphia © Pittsburgh © Portland (Ore.) 
St. Lovis © San Francisco * Syracuse © Washington, D.C. ® and other principal cities 






RELIANCE 9c MOTORS 


“Motor-Drive 1s More Than Power” 
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ARIETY OF COLORS are now allowed on 

metalworking machinery instead of being con- 
fined to “old machine-tool gray” as in a previous 
WPB order. The new order, however, permits only 
one coat of primer or sealer and not more than two 
coats of paint, enamel or lacquer. No filler may be 
applied to smooth out irregularities in metal surfaces. 


STANDARDIZATION PLANS for the future in- 
sofar as joint action of the government and industry 
is concerned will be in the hands of a committee 
headed by C. E. Wilson, president of General Elec- 
tric, acting in an advisory capacity to the American 
Standards Association and the Department of Com- 
merce. 


JUDGING BY ARTISTS’ conceptions of postwar 
machines and products, one frequently gets the idea 
that modernistic motif and streamlining will be ram- 
pant in the future. While esthetic creations stir the 
imagination they often raise the question as to prac- 
ticality. With bold design ideas at one extreme and 
limitations of materials, fabrication and maintenance 
at the other, in all probability the resulting compro- 
mise will be closer to orthodox than radical. 


VOLUME OF WAR materials produced by Gen- 
eral Motors alone involves more than 140,000,000 
shells and casings; 180,000 cannon; 1,000,000 ma- 
chine guns; 2,400,000 carbines; 180,000 airplane 
engines; 9000 complete bomber and fighter planes; 
31,000 tanks, tank destroyers and armored cars; 
740,000 trucks and a large percentage of all diesel 
engines. These figures for one manufacturer alone 
are indicative of the immense volume of equipment 
being produced. 


COMPUTING AUTOMATICALLY and continu- 
ously the longitude and latitude position of a Super- 
fortress, an air position indicator, developed by the 








Eclipse-Pioneer division 
Bendix Aviation Corp., reli 
the navigator of hours of 
calculations. A single self-containal 
lightweight device, it is mounted on th 
instrument panel and makes calculations whid 
ordinarily would require charts, reference book, 
sextant, chronometer, parallel rules and divides, 
The computer contains a system of built-in frp 
tion drives, balls and disks which delicately i 
tegrate information supplied by a remote indica 
ing compass and a distance element. Obviating th 
chance of error through manual computation, th 
instrument has nearly 500 closely finished parts and 
eleven separate gear trains. 








GERMANY IS CRAMPED for copper, nickel 
molybdenum, vanadium, tungsten, chromium al 
manganese, in about that order, while Japan seem 
to have substantial stockpiles of alloying elements 
according to a Battelle study presented in recat 
A.S.M. literature. 















FIRST JET PROPULSION engine produced i § / 
this country from entirely original design is beitj 
developed at Westinghouse for the Navy. 
completed the new engine is expected to prodt 
more pounds of thrust for a given amount of! 
and pounds of weight than any engines brou 
from Europe for study. 


AS FREQUENCIES for radio transmission i 
crease it becomes more directional in effect. ™ 
instance it will be possible to transmit within a om 
degree cone with a frequency of 2000 meg 
Indicative of the trend in this direction, an applit 
tion for license has already been made for as high 
as 12000 megacycles. Present plans for an installs 
tion of high-frequency transmission between Net 
York and Boston will utilize a 2-watt booster # 
tenna every 30 miles. 





PATENTS COVERING electronic vulcanizali 
of rubber originally granted to R. A. Dufour ast 
H. A. Leduc of France and E. E. W. Dassner? 
Switzerland have been purchased by the B. Ie ns 
Goodrich Co. and the Firestone Tire & Rubber ¥ em 
The patents will be made available to the uPA" por 
and plastics industries in the belief that ultim 
developments will provide improved products # 
lower costs. 
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Drive for the 
M-3 Turret 


By Robert E. Becker 


Chief Engineer 
Logansport Machine Co. Inc. 



















IKE most hydraulically powered 
and controlled mechanisms, the 
heart of the turret-traversing 


ufour ast 
Dassnet d 


the B. :  1—Turret at top of mechanism of the M-3 medium tank 
tuber *mploys hydraulics is found in its valves. These, in the case of the M-3, have been combined into 
the 1. ! Power and control a single, compact unit that is of particular interest to the design field. 

t ae Before going into a detailed discussion of this “heart” unit, it might be 
Trodau 
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Fig. 2—Schematic diagram of hydraulic traversing system. Pump, 
motors, tubing, hose and fittings are all standard components 





well to consider the entire turret mechanism so that a clear picture of 
the design problems involved may be obtained. 

The job of the traversing mechanism is to rotate a heavily 
armored turret located at the top of the tank. This turret, as will be 
seen in Fig. 1, mounts three guns: Two 50-caliber machine guns 
and one 37-millimeter gun. In addition to the armor casing and the 
guns, the turret also carries a basket-like unit which fits down into a 
pocket or well in the tank proper, accommodating a gunner who, of 
course, turns with the turret. 

Since the gunner is inside the turret, it is apparent that the con- 
trols must be there too. And while the power unit for driving the 
turret conceivably might be located outside the turret, multiple rotat- 
ing joints with attendant sealing problems—to say nothing of awkward 


194 





assembly and servicing—make outside mount. 

ing impracticable. Keeping all of the poye tf” 
and control units within the confines of the il 
turret makes for simplicity in design and ease B 
of assembly and maintenance. ig 


What Requirements Demanded 





During the preliminary design stages in the. 
development of the M-8, definite requiremen§ 
were laid down stating just what the tung 
should and should not do. These in tum & 
manded that the following requirements kf). 
met in the design of the traversing mechanism 





1. Turrets are notorious space misers, thus tel 
drive and control must be compact. Fy 
ther, it must be sturdy enough to withstayj 
the abuse which normal handling in taj 
work entails 

2. Units must be designed so as to lend then-§ 
selves to quick assembly into the turret ai 
convenient maintenance after installation The 








8. Right hand of gunner must be free for wat 
other than turret control. This means tk 
control unit must be designed for manipily 
tion by the left hand 

4. Acceleration and deceleration rate of tum 
traverse must be smooth and cover a mg 
from zero to four revolutions per mint 
Also, each time the control handle is tumd 
to a given setting the traversing speed mi 
be the same 

5. Turret must not “creep” when locked ¥ 
control handle at any setting. There 
once the gunner has set the turret poiniig 
in any direction, neither standing the tal 
on a steep slope nor driving it over mu 
terrain must jog the turret from its sei 











6 


6. In the event the gunner is put out of actia 
the turret should automatically lock in pa 
tion. Also, provision must be made in! 
hand control to cut out the guns in this# 
eventuality. 


One of the primary “musts” in working 
the traversing mechanism design was 0 5 
as many standard units and parts as possil 
There is sound logic behind this. Special pa 
are difficult and often impossible to procut 
combat areas where minor repairs somelil 
must be made under fire. Standard o 
ponents are carried in general stock. Thi 
particularly true of such items as screws, ¥ 
ers, nuts and bolts. Incidentally, utilizatio 
standard components saved valuable des 
time which otherwise would have had # 
expended in developing similar special 
and units. 

A look at the schematic diagram of 
traversing mechanism hydraulic system, Mé 
will show how closely this policy of 
standard components was followed. 
draulic pump, its driving motor, the hye 
motor, and all fittings, hose and tubing 
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»ndard commercial items. Only the control valve and 
1 reservoir had to be designed specially to fit the job. 
Briefly, operation of the mechanism consists of pump- 
ag oil from the reservoir through the pressure hose to the 
trol valve, through the valve and one of the motor 
hoses to energize the motor, out of the motor and back 
rough the control valve from which it is led back to the 
servoir through the exhaust hose. This, in essence, con- 
titutes the hydraulic circuit. Add to this the gearbox 
se Fig. 3) and the ability of the control valve to direct 
nd meter the oil flow, and the picture becomes complete. 
This brings into focus the unique but simple design 
hich effectively combines into one unit the valves neces- 
wry to direct and meter oil under pressure from the pump. 
“thus tefpnder the control of its single handle this unit must: 


| OF the 
ind ease 


|. Depending on which direction the handle is turned, direct 
the pressurized oil through one or the other of the motor 


a hoses in order to drive the motor in the desired direction 
snd then 2. Meter the flow of oil, not only to the inlet of the motor, 
turret af but also from its outlet. 

lation 


The reason for directing the pressurized oil is self evi- 
mt. However, the reasons for metering both the input 
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and output of the hydraulic motor may not be quite as ap- 
parent. Thus, a few words of explanation are in order: 
To enable the gunner to bring his guns into firing posi- 
tion quickly and accurately, it is necessary that the turret 
be capable of traversing at varying rates of speed, the 
speed being dependent on the amount by which the con- 
trol handle is turned. To bring his guns into approximate 
position quickly, the gunner turns the handle hard over 
in the desired direction and the turret turns in that direc- 
tion at its full speed of four revolutions per minute. As 
the turret approaches the desired position, the gunner 
eases the control handle back to its central or neutral posi- 
tion and the turret gradually—not abruptly—comes to a 
stop. Final adjustment of position then is effected by 
turning the handle slightly in the required direction. 
Since a constant-delivery pump is employed, the vari- 
able speed demanded of the turret makes it necessary to 
meter the input and exhaust oil of the motor. The by- 
passing principle involved may be comprehended clearly 


Fig. 3—Three-dimensional view of traversing mechanism 
installed in turret. Gear box contains reduction gearing 
and clutch to engage and disengageYhand traversing 
mechanism which is used#in :case"of !power |break-aown 
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Hydraulic 
Motor 


Fig. 4—Circuit a offers no means to control motor speed. 
Needle valves in b meter input and exhaust of the motor 


by referring to the diagrams a and b of Fig. 4. 

With only pipe connections between the reservoir, con- 
stant-delivery pump, hydraulic motor, and the return to 
the reservoir (Fig. 4a), the hydraulic motor would run at 
full speed in direct relation to the amount of oil delivered 
by the pump. This system lacks speed control. 

Insertion of a needle valve, A, between the motor in- 
put and exhaust, as shown in Fig. 4b, changes the charac- 
teristics of the system considerably. If the needle valve is 
opened a small amount, some of the oil going through the 
pipeline will be by-passed through the valve. With less 
oil reaching the hydraulic motor, it will slow down. When 
valve A is opened still more, the speed of the motor will 
be reduced further. This could be continued until most 
or all of the oil goes through valve A instead of through 
the motor. 

What will happen if a load is applied to the hydraulic 
motor? The motor then will require more pressure in 
order to overcome this resistance and, with the needle 
valve A partly open, the oil will find it easier to go through 
the valve than through the motor. However, because only 
a given quantity of oil can pass through an orifice when the 
pressure remains constant, the oil will endeavor to by-pass 
through the valve but will find that only part of it can go 
through unless more pressure forces it through. Thus, the 
resistance of the valve will become as great as the motor 
and the motor will continue to turn but with more force 
due to the rise in pressure. Oil will continue to by-pass 
through the valve but in a quantity controlled by the 
pressure imposed upon it by the load on the motor. When 
the load on the motor increases, more oil will go through 
the valve and this slows the motor down. If speed is to be 
maintained, the valve must be closed a little to raise its 
resistance, making available to the motor the higher pres- 
sure it requires. 

To start the turret turning and running smoothly at low 
speeds (overcoming starting friction, the resistance of stiff 
grease and the tightness of the turret rings), a pressure 
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greater than that required at normal running speeds jggo line 
needed. This high starting pressure can be obtained jus, are 
placing another needle valve (B in the diagram shown jfiner | 
Fig. 4b) in the exhaust line of the hydraulic motor, hhey are 
will cause more oil to be by-passed through valve 4 haends. 
cause valve B restricts the flow through the hydraulic mfit 45 
tor, giving rise to an increase in pressure. Very little ofp by-p2 
is necessary at low speeds but the pressure must be sip of lit 
ficiently high. The restricting valve B must be opesedp liner 
when the speed of the hydraulic motor is to be increasifpass & 
This brings the pressure down to that required for normsices W 
running speeds. ps, the 
Referring now to the M-3 turret control valve shoygidle rc 
cross-sectionally in Fig. 5, it will be seen that the pisagly. T 
and liners employed comprise a combination of the nesipneedl 
valves A and B mentioned in the foregoing. Two piston 
and two liners are used, one pair for directing the oil fy 
to drive the motor clockwise, and the other pair for direg 
ing the oil to drive the motor counterclockwise. To 
tuate the pistons under the control of the single hang 
rack and pinion drive is utilized, the racks being fasten 
to the lower ends of the pistons while the pinion is key 
to the shaft of the handle. d 
It is interesting to note, in passing, the manner iny 
the racks are attached to the pistons. Links, similay 
those used on roller chain are employed. This const 
tion was necessary because of the commercial impratti 
bility of machining the rack seats in the lower castingm 
accurate alignment with the liner bores in the upper caie=== 
ing. The links make the pistons and racks self-align 


Valve Automatically Self-Centers | 
a CN I 
Another purely mechanical feature of the valve i] ql 
self-centering action. This is accomplished by springi ! 
ing each piston in compression and providing a Spill di 
loaded detent pin in the handle. Thus, when thet i 
is released, the springs drive the handle to its central 
tion where it is locked by the action of the detent] 
snapping into engagement with a bushed hole in "] 
tom casting. : 

In each of the two valve liners are three rows off 
holes spaced at 90 degrees to each other. Each at 
upper holes is vertically located over those in the Vai 
row. The upper end of the liner is open to the @ 
core and the upper holes are open to the motorl 
through the motor line core. The middle holes ae@ 
by 45 degrees from the upper and lower holes and 
the middle and bottom rows of holes are open to the#i 
sure core. The middle holes in each liner line up W 
the by-pass grooves in each piston and the upper and lon 
holes line up with the pressure and exhaust grooves #® 
pistons. 

Each piston has four exhaust grooves which ¢f 
with the top row of holes and the motor oil line core | 
the piston descends. The exhaust grooves are tape 
their lower ends so they will act as restrictions only 
the handle is turned a slight amount. (They % 
same purpose as the needle valve B of Fig. 4b). 
connection of the motor line to the exhaust core ¢ 
occur, of course, when the handle is set at neutt 
which time the hydraulic motor is blocked and W# 
permit the turret to move. 


x 


1 CAD Dr 
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.B. line with, but below the exhaust grooves in the pis- 
are pressure grooves which connect the lower row 
oe holes with the top row when the piston ascends. 
are blocked off in neutral and also when the piston 





€ A beget nds. 
ulic mofit 45 degrees to the exhaust grooves in the piston are 


by-pass grooves. In neutral, these connect the middle 
of liner holes and the pressure core to the top end of 
liner and the exhaust core. The lower ends of these 
grooves are tapered to a sharp point and act as 
toe when the piston ascends. The farther the piston 
x, the less is the area of the grooves exposed to the 
Mile row of holes until the two are disconnected en- 
. These by-pass grooves serve the same function as 


When the handle is in neutral position the two pistons 
are of course at the same level. The exhaust grooves and 
pressure grooves are blocked off and in consequence the 
motor is blocked also. At this time oil entering the pres- 
sure core passes through the by-pass grooves in the pis- 
tons to the exhaust core at the top end of the liners. 

When the handle is turned clockwise the piston on the 
left, Fig. 5, rises, while the piston on the right lowers. 
The pressure grooves of the ascending piston connect the 
pressure port to the motor line. The by-pass grooves 
(needle valve A of Fig. 4b) are still open so the quantity 
of oil going to the motor is small and, in consequence, the 
motor will turn at minimum speed. If the handle is turned 


Fig. 5—Cross section of main control valve shows how 
single-handle control actuates pistons that direct and 
meter oil flow to and from the hydraulic motor 
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further in the clockwise direction—say 30 degrees—the 
pressure grooves still will connect the pressure port to the 
motor line. , However, the by-pass grooves will have a 
smaller area exposed to the middle row of holes due to the 
taper of the grooves. This would be the same as partially 
closing the needle valve A in the diagram of Fig. 4b. The 
more the handle is turned the less is the area exposed to 
the middle row of holes through the by-pass grooves. Con- 
sequently, more and more of the oil must go through the 
pressure grooves to the hydraulic motor line, causing the 
speed of the motor to increase. When the handle is turned 
to the wide open position, the by-pass grooves (needle 
valve A) are closed completely and all of the oil must go 
through the pressure grooves to the hydraulic motor. 

This explains what happens when one of the pistons 
rises. However, the action of the valve depends also on 
what occurs due to the simultaneous lowering of the other 
piston. The exhaust grooves of the descending piston 
(needle valve B) connect, via the motor line core, to the 



































Fig. 6—Control valve is physically cross-sectioned to 
show primary operating parts. Spring-loaded detent pin 
at base of trigger locks handle in neutral position 













exhaust port. The exhaust grooves are tapered to; 
where they engage the top holes (motor ports) ¢ 
liner. Therefore, as the piston descends, at first very li 
then more and more groove area will be exposed to bys 
exhaust oil from the motor. Meanwhile, the bys 
grooves are closed off and the pressure grooves p 
blocked. 

If the handle were turned counterclockwise, the yj 
on the left would go down and the one on the righty 
go up. This would cause the hydraulic motor to py 
the opposite direction because the right piston woul 
directing oil into the motor and the left piston wou 
metering oil from the motor to the reservoir. 

As has been mentioned in the foregoing, the han} 
the main control valve had to be designed for manip 
tion by the left hand. Reference to either Fig. 5 or fy 
will show three switches located on the handle. On 
the base of the handle, is actuated by the trigger mex) 
and the other two are located so they can be snapped, 
veniently by the thumb of the left hand. These 
two control the fire of the turret guns, while the fomg 
a cutout, which, with the trigger in its normal position 
shown in Fig. 6, isolates the gun firing circuits from 
two upper switches. Thus, when the gunner wishes 
steer the turret and fire its guns, he must first squeex 
control handle trigger. This action unlocks the handk(p4g! 
steering and also, by throwing the switch at the bagposur 
the handle, completes the firing circuit to both uppiiti 
switches. Should something happen to take the gutter o 
out of action, relinquishment of his grip on the hande fiogrer 
release the trigger. The freed handle then will ret, ; 
its neutral position automatically and at the same tine thr 
release of the lower switch will cut out the firing cin tna 
This system makes impossible the unguided, indiscriniay g 
fire which would occur if no automatic cutout or slap*4 


tering handle were employed. nal 
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Advantages Offered by Low-Pressure System 


During the initial design stages of the M-3 hydraili 
cuit, it was tentatively planned to provide a system} 
sure of 1000 pounds per square inch. However, this! 
was lowered to 600 pounds per square inch becaut 
higher pressure entailed not only the ever-present 
of bursting lines but, in addition, would cause @ 
drain on the batteries employed to supply the 
rect-current pump motor. 

Since the M-8 tanks were to be used througiill 
gamut of the temperature range embraced by Alt 
tropic combat areas, it was necessary to specify aif 
oil that would operate satisfactorily from —65 0# 
grees Fahr. While military security does not p@ 
vulgence of the identity of this fluid, suffice it * 
the specifications were satisfactorily met. 4 

It was during the hectic days just after Peath 
that the M-3 traversing mechanism literally spr 
the drawing boards at Logansport to meet the) 
double” demands of our army’s sudden ventulé 
out war. However, even though this mechanism} 
strictly a wartime development, the design pri 
volved—particularly in the compact control 
well point the way to more proficient utilizati¢ 
draulics in the ever better machines of the future 
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= gh-speed X-ray pictures can now be used to 
queen @°Y the action of component parts of machines even 
handk@ugh their action be obscured from normal vision by 
the basgelosures or other machine parts. Indicative of the pos- 
both umilities for studying valve action and other mechanisms 
the guider operating conditions is the series of high-speed 
handl liographs, right, made at the Army's Frankfort Arsenal. 


ll mpwing progressive penetration of a high-explosive 
<i through a steel plate, the nose of the shell is just 


sting through the plate at (a), almost half the shell has 
sed through and swelled to approximately twice its 
mal diameter at (b), at (c) the shell has just burst 
pn, while at (d) the shell has burst wide open and the 
ystem als on the back of the plate are curling to make a 
he hole. Other tests showed the passage of a bullet 
bugh the gun barrel after firing, indicating the align- 
tof the bullet as it zips along the gun's bore. Causes 
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or sells 
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for jamming and other faulty action may 
be studied in this way. 

Also illustrated, is the surge geéner- 
ator for producing the sudden burst of 
600,000 kilowatts of electricity to make 
exposures of a millionth of a second re- 
quired for these studies. The X-ray tube, 
developed by Westinghouse Lamp divi- 
sion, is especially designed to jerk the 
electron out of a cold metal cathode at an 
unusual rate of speed when a high mo- 
mentary voltage is applied. A vacuum 
metallic arc is produced, providing a path 
across which the electrons race until they 
strike the anode, which in turn results in 
pouring a barrage of X-rays through 
solid metal to make the photographs. 


Gaskets of silicone rubber, that ver- 
satile compound, are being utilized on 
turbosuperchargers for the B-29 Super- 
fortress. An excellent material for high- 
temperature sealing, its flexibility is in- 
dicated by the curve it has assumed 
across the cutaway section of the super- 
charger shown at right. This rubber re- 
tains its elastic properties from -—60 to 
575 degrees Fahr. whereas natural rub- 
ber becomes brittle and smashes like 
glass at the low temperature and melts 
or burns before reaching the higher one. 


Composite wire, having a core of 70 
per cent copper clad with 30 per cent 
nickel, is useful in electronic equipment 
and in industrial apparatus for connect- 
ing wires from terminals to heating ele- 
ments. Developed by Callite Tungsten 





Corp., the wire shown below has good conductivity am 
resistance of nickel to oxidation and corrosion. Known! 
grid, the wire is made by a process which draws down ii 
components of the wire at the same time. A billet from¥ 
strands are reduced is shown alongside the cable in the! 
tration. This cylinder section of bimetal rod may ke 
drawn in a wide range os ® 
including the .006-inch fné 
of the flexible stranded § 
shown. Such wire con bet ; 
jected to cherry-red heats 
out losing its flexibility. § 
sists fatigue and embrilll# 
and withstands stressé 
times greater than coppe' 
without breaking. 
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Worm-Drive Jitters” 


bn Be Avoided 


By S. J. Mikina 


Westinghouse Research Laboratories 


Hy 
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HEN irreversible, or self-locking, worm gearing 
¥ is required to move a load that tends to drive the 
_ worm and its connected power source, as in the 
of a crane lowering a load or during depression of a 
Wity-unbalanced antiaircraft gun, difficulty may arise 
fo uneven operation. Under these conditions a cer- 
definite relationship must exist between the effective 
inertia of the worm about its bearing axis and the 
s inertia of the overhauling load if smooth, chatter- 
§ operation is to be realized. When this inertia rela- 
whip does not exist, intermittent separation of the 
bm and gear teeth will occur at the point of irreversi- 
ity and result in jerky operation because, alternately, 
worm advances ahead of the gear through the gear 
wrance and then the descending load causes the gear 
watch up with the worm and to engage it with impact. 
is jerky condition is particularly pronounced at low or 
eping speeds of the drive; when insufficient velocity 
ss at the gears to maintain oil film lubrication of the 
wing surfaces. The British have aptly named this 
momenon “stairstepping” because the spasmodic pro- 
sion of the load under these conditions usually oc- 
with a fairly regular period of % to 1 second and is 
S suggestive of the bumpy descent of a stairway. 
is the object of this article to present a simple mathe- 
tical analysis of the phenomenon of stair-stepping of 
M gearing and, on the basis evolved, to point out a 
tical means for its elimination. 
Me condition for irreversibility of worm gearing is 
sed by the well-known criterion, which requires 


mich ¢= pressure angle of worm profile, :=lead angle 
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Fig. 1—This worm drive for a 6-ton gun turret was subject 
to jerky operation under certain conditions. Successful 
cure resulted from analysis in accompanying article 


of worm and »=coefficient of friction at region of con- 
tact between worm and gear. The pressure angle ¢ is 
well defined by the worm geometry, varying from 0 de- 
grees for a square-threaded helix to 14%, 20 or 30 de- 
grees for commercial worm gearing, and 30 degrees for 
the standard V-thread screw. The coefficient of friction 
p,» however, is a highly variable quantity in worm gear- 
ing, depending as it does on such factors as gearing ma- 
terials, accuracy of profiles, kind of surface finish, kind 
of lubricant and manner of feed, as well as on the relative 
sliding velocity at the contacting surfaces, on the applied 
gear load, and on the amount of mechanical vibration 
transmitted to the worm and gear contacting surfaces. 


Irreversibility a Function of Friction Coefficient 


Irreversibility of a given set of gears thus is not defin- 
itely assured over its entire range of operation. A set of 
worm gearing may be irreversible at standstill, when the 
coefficient » is large, but may become reversible when an 
oil film develops at the contact surfaces as sufficient slid- 
ing velocity is acquired. 

For the usual adequately machined well-lubricated 
gearing consisting of a hardened and ground steel worm 
and a hard bronze alloy gear, the principal variable af- 
fecting the coefficient of friction is the rubbing velocity 
of the mating surfaces. Then » may vary from as high 
as .15 at standstill to as low as .01 at rubbing speeds in 
the neighborhood of 4000 feet per minute*. For the 14%- 
degree pressure angle worm gearing, for example, the 
limiting worm lead angle ) for irreversibility may vary from 


°H. E. Merritt—Gears, Page 248, Isaac Pitman & Sons Ltd. 

















tan—1(.01/.968) to tan—1 (.15/.968), that is, from .59 to 
8.9 degrees. 

One other important factor which must be considered 
in making a choice of worm gearing for self-locking ser- 
vice is the drive efficiency for the forward direction of 
motion, i.e., with worm driving and gear driven. For the 
small lead angles characteristic of this type of gearing, 
the usual expression for efficiency may be reduced to 


A cos 


in which the lead angle ) is now expressed in radians. 

The author first encountered stair-stepping trouble in a 
gun-turret drive of his design, Fig. 1, in which it was de- 
sired to secure a fairly efficient speed reduction of 20:1 in 
the smallest possible space and to obtain irreversibility with 
the worm at slow creeping speeds or at standstill. The 
requirement of good forward efficiency at higher oper- 
ating speeds is not incompatible with the retention of 
irreversibility at low speeds and particularly at stand- 
still. In this case, a worm with a lead angle of 4% de- 
grees was chosen for a duty involving a maximum rub- 
bing speed of approximately 500 feet per minute. The 
coefficient of sliding friction at that speed was about .02, 
hence the gearing efficiency at the maximum speed was, 
from Equation 2: 


4.66 
=~ X.968 
57.3 : 


4.66 
3 ——— X .968 
“er 57.3 * 


e=100 





=80 per cent 


At low or creeping speeds, the sliding velocity was in- 
sufficient to maintain a separating oil film between worm 
and gear and ,» rose to .12, thus causing the criterion, 
Equation 1, to be satisfied by a sufficient margin to in- 
sure consistent irreversibility in the neighborhood of 
standstill. 

Performance of the drive was up to expectations in all 
respects but one: The gun turret in question was at times 
subject to gravity unbalance, and the worm drive exhib- 
ited a fine case of jittery stairstepping whenever the tur- 
ret had to be driven slowly in the direction in which the 
gravity unbalance was urging it to go. What made the 
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Fig. 2 — Lett— Wes, 
mechanism, whic 
forms basis of q yy 
drive with zero press, 
angle, is shown in uf” 
dition of  self-lcum) 

equilibrium eti 





problem particularly baffling were the facts that the, 
turret could be driven “uphill” against the gravity y 
balance without the least bit of chatter at any ga 
down to standstill, and could be driven “downhill” wi 
out stairstepping at all speeds above a certain minim 
speed equal to about one-tenth of the maximum requingie 
operating speed. 

To explain the observed facts of the case, the folk 
ing analytical approach to the problem was made, (pd 
sider first the inclined plane of Fig. 2 when it is wel 
a wedge for moving a mass up or down. = This incl 
plane is the basic form of a worm drive of zero press 
angle (a developed square-threaded screw) and sho 
exhibit all of the important mechanical characteristics 
worm gearing, including that of stair-stepping. Lei. 
inclined plane of mass m be -.', , orted by smooth rola, 
of negligible friction (analogous to ball bearings mi, 
worm shaft), the engaging mass M being similarly om, 
strained by roller guides of negligible friction for vet 1 
motions of M (analogous to ball bearings on the way, ¢ 
gear). The point of contact of the mass M with thi 
clined plane has a coefficient of friction ». Moreg, 
since the analysis concerns an irreversible mechanism. 
criterion of Equation 1 must be satisfied: Angle \ off 
inclined plane must be such that tan\<p. Finally, letihygr, 
mass M be subiect to a total downward force P pressilf, fay 
against the inclined plane. 

At standstill, the equilibrium of the system of Fig fer , 
requires no additional external forces other than the 
tions of the frictionless rollers. The applied force ?' 
mass M gives rise to a normal reaction Q at the incl 
plane and a fractional force f along the inclined pla 
This frictional force is just sufficient to balance the ' 
ponent Q tending to push the inclined plane to the 
and away from M. Thus the horizontal equilibrium oft 
inclined plane requires that 
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as pictured in Fig. 2c. 
Vertical equilibrium of the mass M requires that 


@ cos rtf sim reP....... ccc cece veces donee 


as shown in Fig. 2b. These equations give 
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Minit: idustlicd. skis. ckatdedletsecdteu 5 
Q tan d sin \-++cos » (5) 
eft — Wed, 7 P tand F 
sm, whi fe Q tan = cosh ees (6) 


is of a wy 


rer0 Pitta. in this case tan AXp, the value of f calculated from 


— s “E yation 6 may be less than the maximum developable 


librium tional force pQ. 
In order to cause the system of Fig. 2 to move, a hori- 


tal force F must be applied to the inclined plane in the 
ction of the desired motion. Uphill motion of the 
ws M and its associated load P exhibits no anomalies. 
that case, as the force F is gradually increased in mag- 
hide, but is still less than that required to initiate motion 
the system, standstill is still enforced, but the self-locked 













that the g 


gravity wndstill equilibrium Equations 3, 4, 5 and 6 are dis- 
+ any spagbed to the extent that both the normal force Q and the 
vnhill” wilg§etional force f on the inclined plane also change in mag- 
in mininggtude. Ultimately f even goes through zero to a reversed 
um requingrection. As f reverses in direction and finally becomes 

wal to »Q, motion of the system is started by the oc- 
the follmmurence of slipping at the point of contact between M 


nade, (Cid m. a can 
it is used 
This inclin 
er press 
and shoul 


No Separation Tendency for Uphill Motion 


















Subsequent acceleration of both m and M due to a fur- 
acteristis er increase in F or to a reduction in the coefficient of 
1g. Lat tion from its static value to the dynamic or sliding co- 
nooth MPicient » will serve to increase or to maintain the contact 
rings 01 "essure between m and M, since M can only be accel- 
imilarly “#ted uphill by its reaction forces from the inclined plane 
1 for verti, The starting transient for the upward motion of M 
mn the Wilus shows no tendencies for a reduction in the contact re- 
with theifftions and a possible consequent reduction to zero fol- 
Mo “ved by contact separation. Occurrence of such contact 
chanist. aration is an obviously necessary preliminary to the 
gle d aff elopment of chattering or stair-stepping. The smooth 
nally, let gression of the mass M and its load P for uphill motion 

P pressit§: familiar experimental fact. 
The situation is found to be radically different, how- 


m . “fr, on investigating the consequences of attempting to 
an the 


| force ? 


the incl 
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move M downhill in the direction of the applied load P by 
pulling on the inclined plane to the right, as shown in Fig. 
3. At the start, i.e., at self-locked standstill, the frictional 
force f is less than »Q. As the tractive force F is increased 
in magnitude, f increases also until it reaches a limiting 
value equal to .Q, when slippage starts between m and M. 
value equal to »Q, when slippage starts between the in- 
clined plane m and the engaging mass M. 

Equilibrium relations just at the inception of motion, 
when F is an infinitesimal amount greater than the value 
required to make f= ,Q, are shown in Fig. 3. Horizontal 
equilibrium of the inclined plane now requires that 


IN oii ccs ciwddaddaaeespunecntie (7) 


Vertical equilibrium of the mass M is given by 


I hind. pen cin dcdebsescanwusdssaadons (8) 
Solving for F, 


P u—tan r 
1+ z tan > 


As soon as the tractive force F exceeds this value by an 
infinitesimal amount, the inclined plane will begin to move. 
Now, however, in contradistinction to’ the case of uphill 
motion, there is no assurance that M will follow m be- 
cause, as the inclined plane starts to move, it can conceiv- 
ably have a higher acceleration than thé mass M can fol- 
low at the instant that the conta¢t pressure between m and 
M drops to zero. Separation of the contact surfaces will 
then occur and will increase until either the force F is re- 
duced in value or until other forces come into play, such 
as occur when gear clearancés are’taken up. In order to 
test the postulate of instability of contact pressure and to 
determine the conditions for separation of m aiid M, it is 
assumed that an infinitesimal separation of the just con- 
tacting surfaces has occurred and’ then the relations gov- 
erning the increase (or decrease) of the postulated sepa- 
ration are written down. 

Since the mass of the inclined plane is m, its initial ac- 
celeration will be, from Equation 9: 


A ae p—tan 
"mm 1+u tan d 


The contact surface of the inclined plane will draw away 












































from the mass M with a vertical acceleration 
A,=A,, tan x 
or 


e (u—tan dr)tan d 


A= m (1+2 tan 2) 





Vertical acceleration of the follower mass M due to the 
load force P will be 


P 


Au=—7 


Now, if centact separation between m and M is to be 
avoided, A, must be equal to or, preferably, it must tend 
to be less than A,,. This results in the following criterion 
for no separation: 





P (u—tand)tanr P 
m (l1+yutanr) ~M’ 
or 
ns (12) 





1+p tan 


For small \, which is the case for self-locking inclined 
planes, this criterion reduces to 


It is to be noted that the above criterion is independent of 
the load P, except insofar as the load affects the coeffi- 
cient of friction p. 

The criterion, Equation 12, is just a precise statement 
of the more or less obvious fact that if m is made large 
enough then the force F, which bears a definite relation- 
ship to the load P at the inception of motion, can never 
accelerate the inclined plane so fast that the follower mass 
M (under the urging of load P) cannot follow it. 


Fig. 4—Actual worm and gear are shown in equilibrium 
at the start of “downhill motion 


Geor (Engages Worm at Q) 








The foregoing analysis may readily be extended toy, 
gearing as follows: The inclined plane which ha jg. 
considered thus far may be used to represent a devel, z 
segment of a worm, while the engaging member M pry 
against it by the load P represents the worm gear, § 
such gearing has mating surfaces which, at the poiy }- 
contact, are at an angle ¢ relative to the axis of the y 
as shown in Fig. 4, the reaction Q is no longer in they 
tical plane but has the angle ¢ with the plane of the Dang 
As before, the self-locked condition of worm and gah 
first analyzed and then the equilibrium relations per 
ing to downhill starting of the load investigated. ), 
hil] in the general case refers to the motion of M i 4 
direction of the gear load P. 

Let the tangential force exerted by the externa 4; 
torque on the worm be represented by the force F ay 
on the worm pitch line as shown in Fig. 4. Then aj 
increased until motion is started, the tangential equi 
rium of the worm segment requires that at. the incepti 
of worm motion 








F=pQ cos X\— Q COS b SIND... eee, 1 


analogous to Equation 7 for the simple inclined pla 
The vertical equilibrium of the engaging gear segmat 
given by: 





P=pQ sin d+ Qcos PCOSH..... 2... eee eee eeeilll 


analogous to Equation 8 for the basic inclined plane. Sig N= 
ing for F, 


—cos ¢ tan > 
ees OO 





As before, it is assumed that a minute gear sepa 
has occurred at the start of the motion; then the cm /,2 
tions for increasing or decreasing the postulated separ 
may be written down. If r is the pitch radius of the wr 


the angular acceleration of the worm upon loss of contig" th 

with the gear is m 2 
F 

ao= ere Cee Orr ree TL ee Tee ee Ok J I,2 


where «,, = worm acceleration, radians per second pe 
ond, and [,,=rotational inertia of worm and asso 
drive mechanism about the worm bearing axis. The 
gential acceleration of the worm segment that was in 
tact with the worm gear is 








Acceleration with ‘which the sloping worm segmét 
withdrawing vertically from the gear is 


Fr? tan d 


Aw=Avwi tan \= I. 





Angular acceleration of the worm gear and its associa 
load P is 
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pere z= acceleration in radians per second per second, 








= pitch radius of worm gear and I, = rotational inertia of 

of the wayform gear and associated load P referred to worm gear 
r in the wi q ing axis. 
of the pal Vertical acceleration (i.e. along axis of worm) of the 
and geefbar segment that was in contact with the worm is 
ions per tay 
ted. Dow PR? 
of M in} Ay=a,R= I, Coe eer creer ecereecereeserereseseses (21) 
mr > The condition for avoidance of worm and gear tooth 
rce F ach 4 ° 
Then as ation is then 
tial equil 
he ingglf AS Aue oo cere ee eee tere neeeeeeeneeeeeee (22) 

wll 

Fr? tan re PR? 

lined pla a 
r segment 


ow, the ratio of the worm angular velocity to the angular 
locity of the worm gear is 


plane. Sig N= 





ibstituting N and the value of F from Equation 16 in 
quation 22, the criterion for smooth driving downhill is 








lly obtained: 
ir sepa abd I t " 
nthe of Ly EO ec eee eee (24) 
d sep. i tan X\(cos +4 tan 
of the wo 
ss of conte the small lead angles \ of irreversible gearing, Equa- 

mn 24 simplifies to 

|e (25) 
2D Neos gree teresenenees 

ond per Reasoning on which the foregoing derivation is based 
d associi@quires that the condition that is to be avoided, namely, 
s. The et tooth separation, is assumed to occur and then the 
- was in sequent tendency of the acting forces is examined as to 


iether it results in increasing or decreasing the assumed 
kt tooth separation. While this assumed separation ap- 

to be a mere artifice of analysis, it may actually 

even in gearing in which the foregoing inertia rela- 
ms are satisfied, as a result of the building up and 
aking down of an oil film between the teeth in ques- 
P Thus, when the inertia criterion, Equation 24, is 
isted, it insures that whenever such minute gear sep- 
tion as that of the thickness of an oil film does occur, 
rll not increase to the full backlash of the gears. Steady 
librium of forces is thus maintained at constant low 
m velocities and a smooth chatterless descent of the 
o's realized. 


‘recthess of these results has been verified on the 
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Fig. 5—Stair-stepping on gun turret drive ceased after 

flywheel was added to shaft of irreversible worm. Addition 

of equivalent inertia to shaft of reversible worm was much 
less effective in preventing jerky operation 


previously mentioned gun-turret drive whose stair-step- 
ping originally led to this investigation. The turret in 
question weighed 12,000 pounds and had a radius of 
gyration of 36 inches. The overall speed ratio from worm 
to turret was 450 to 1. I,, originally was negligibly small 
compared to I,/N?, » was about .12 at creeping speeds, 
and the worm lead angle } was 4% degrees = .081- 
radian. At low and creeping speeds » was greater than \ 
-and the criterion of Equation 25 was not satisfied, result- 
ing in pronounced stair-stepping. The drive was made 
satisfactory by the addition of a small flywheel to the 
worm shaft, sufficiently large to cause criterion 25 to be 
satisfied. By Equation 25, the worm inertia require- 
ments of this example, for 20-degree pressure angle gear- 
ing, are 


12000 X 36? 
450? 


.12—.081X.968 
.081X.968 





v= 


=40 vounds.-inches ? 


Thus, in this case a 5-inch diameter flywheel weighing 13 
pounds was sufficient to assure smooth following of the 
12,000-pound turret. 

At higher speeds an oil film was established between 
worm and gear and » became less than X. In that condi- 
tion, the drive functioned smoothly even with negligible 
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worm inertia, as required by the theory presented herein. 

One important caution to observe in applying these re- 
sults is that the inertia I,, must be rigidly connected to 
the irreversible worm shaft so that its acceleration forces 
are transmitted to the point of irreversibility with as little 
delay as possible. It was found that an equivalent inertia 
coupled to the worm shaft through other (reversible) gear- 
ing is not as effective in curing stair-stepping because of 
the inevitable end play, backlash, and shafting flexibility 
of the connected gearing which delay and weaken the 
transmitted inertia forces. Thus in the gun-turret drive 
cited, which is shown in Fig. 5, the gearing consisted of a 
2:1 step-down with an 8-threaded reversible worm, a 20:1 
step-down with the irreversible pair, and a final 22% to 1 
with a spur gear pair. Addition of the stabilizing inertia 
to the shaft of the 8-threaded worm was first tried, but 
was much less effective than an equivalent inertia mount- 
ed rigidly on the shaft of the irreversible worm and as 
elose to the point of irreversibility as possible. 


Windage Too Can Cause Stair-Stepping 


Other instances of stair-stepping worm gearing have 
come to the author’s attention. In a certain aircraft turret 
drive that was perfectly balanced as regards gravity forces, 
stair-stepping was found to occur due to windage forces 
on the protruding guns whenever the drive was urging 
the turret in the direction in which the wind forces on the 
guns were attempting to drive it. 

A more prosaic and rather homely example of stair-step- 
ping was provided by a’commercial photographer's camera 
stand. The camera‘was mounted on a swivelled platform 
whose tilt was controlled by an irreversible worm gear 
drive with the motive power supplied by a manually op- 
erated crank on the worm shaft. The worm gearing was 
admittedly crude and exposed and without lubricant. 
Nevertheless, the camera could be smoothly cranked up- 
ward against the gravity force, but showed pronounced 
stair-stepping when it was driven in the opposite direction. 
The addition of a flywheel to the worm shaft, figured in 
accordance with criterion 25, would undoubtedly have 
made this drive equally satisfactory for both directions of 
camera adjustment. 


Other Means for Eliminating Trouble 


In closing, it may be well to mention that there exist 
other means for elimination of stair-stepping. One is to 
mate the gearing without backlash. Stair-stepping leads 
to gear tooth separation and the whole foregoing analysis 
was based on that fact. Obviously, if gear teeth can be 
maintained in contact, by whatever means, stair-stepping 
will not occur. However, this expedient is»more of theo- 
retical than of practical interest, since stair-stepping has 
occurred in gearing with tooth clearance held to .001-inch. 
To avoid stair-stepping by accurate meshing of gears 
would require the contacting surfaces to be positioned to 
an accuracy comparable to the thickness of a lubricating 
oil film, or about .0001-inch. And even if such accuracy 
were realized at the start, normal gear wear would soon 
spoil it. 

Another, and perhaps the most obvious, device for elim- 
ination of stair-stepping is to load the output inertia with 
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a biasing spring that is under a setup sufficient to balp, 
the useful load force P. When the net fotce acting 
(or on M in the case of the inclined plane) is mag 
ficiently small, the tractive force F required to initiate », 
tion of I,, (or of M) becomes correspondingly smal} » 
the starting transient accelerations of the system are ~ 
respondingly reduced. Where the load unbalance p 
large, however, as in the case of gravity-unbalanced a 
aircraft gun drives, the balancing spring must then }y 
large as to increase unduly the weight and space requi 
ments of the mechanism. Moreover, where P is yarishy 
as with gun elevation, the spring balance requires a oy 
pensating linkage that further complicates things g 
makes this expedient decidedly less practical than the ajj 
tion of a small flywheel to the worm shaft. 











Possibilities of the Heat Pum 


YEAR-ROUND air conditioning system known asf 

“heat pump” employs refrigeration equipment in sy 
a manner as to enable the condenser to deliver usable ly 
to a space during one cycle of operation and to dei 
cooling during the reverse cycle. The heat pump is 
new, nor is it revolutionary. Interest in its possibilitg 
however, is increasing. It consists of a compressor, a i ; 
denser, cooling coils, expansion valves, reversing vz 
and connecting piping—the same equipment, with i 
possible exception of the reversing values, that ism 
mally used in a conventional mechanical refriger 
system. 

When operating as a heating system, the cooling a 
or evaporator absorb heat from an outside medium a 
deliver it, together with the heat equivalent of the wa, 
of compression, to the condenser which in turn givesitt 
to the space to be heated. On the other hand, whens 
erating as a cooling system, the cooling coils or evapo 
absorb heat from the conditioned space and reject it 
gether with the heat equivalent of the work of com 
sion, to the outside. 

A number of such installations have been made; it! 
United States there are now in service perhaps 30 
But the fact that standard items of heat transfer atd 
frigeration equipment can be employed is perhaps m§ 
the principal reasons why no substantial progress has ii, 
made in the application of the idea to residential hei 
and cooling. The explanation of this lies in the fat. 
standard items put together simply could not be mate 
give either the performance or the low cost required 
broad market development. Why the development 
needed to remedy this has not been forthcoming is ‘7 
tion beyond the scope of the present discussion. 
ever, there are indications that this condition is not? 
to prevail much longer. One manufacturer, for - 
is at present building units for home application W2°—), ger 
expects to place in service immediately on compl 
Although the quantity is not large, the prospect #f 
excellent that others will follow—and in much # 
number. 


































£ € « 
From a paper by Philip Sporn and E. R. Ambrose, Americas a. 
Electric Service Corp., presented at the recent annual meeting 
A. S. M. E. 
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Ump HERE heating units may be 
needed, whether for process- 
aie ing, heat-sealing packages or 
ent in sug 


y of the myriad other applications, 
rip, cartridge or tubular electric 
eaters are finding increased favor. 
p» Bhis results from their many advan- 
rossi ges, Modern machines require pre- 
Tess0r OM. exacting control of heat which is 
sing V"8.dily obtained electrically. Also, re- 
with ements for maintenance and the 


usable he 
| to del 
ump is 


: $™&esent need for self-contained pro- 

eimige™iction machines that are readily in- 

cooling 1 filled x4 easily moved from location Fig. 1—Above—Precise control of heat is required to seal cellophane in cigar 

odlan location are met better through the wrapping machine of the chain conveyor type. At (a) are shown heated jaws 

+ dd lization of electric heating elements of the sealer for the longitudinal seam and at (b) is the sealer for one end 
"Bn by any oth " 

. gives it n by any other method Fig. 2—Below—Heat losses from vertical smooth surfaces of 


1, when ma advantage of electrical heating elements is various materials. For horizontal surfaces 110 per cent of curve 


oul at the precise amount of heat can be produced ex- value may be used for top and 55 per cent for bottom 
tly where it is most desirable. This factor is also 


reject MM. of their major limitations unless the application 
of COMME desioned to the requirements. In steam heating, 

. @ instance, the piping or coils give up the heat of 
- steam only at the locations where heat is being 
r wo from the heated member whereas electric 
ster Fting elements deliver the same quantity of heat 
t unit length of heater unless, of course, a special 
ter is used. Therefore it is necessary to de- 
m the application carefully to assure proper op- 
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re mate ition. If exact heat requirements are not known 
venallilie ay be necessary to provide for varying the energy 
val Hered to the units or to conduct experimental or 








relopment work to ascertain the optimum com- 
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Oversize Heaters Are Usually Applied 







$0 general, oversize heaters can be applied so that 
heat required may be controlled through the use 











o or ttteral resisters or multitap transformers. Where 
| tions of heat might be too great for on-off 

ttl with a thermostat, it is advisable to have the 
a “mostat control only part of the heater load, the 


haining heaters being connected at all times as 
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the basic load. Also, automatic regrouping of heater 
terminals to reduce input is very practical, such as 
delta-to-Y, or series-to-parallel, thus distributing the 
reduced heater load evenly. Heating elements should 
always be mounted so that the heat can flow as easily 
as possible into the work. This is done in the high- 
speed, intricate cellophane wrapping’ machine for 
cigars in Fig. 1. 

In selecting heater size the heater requirements 
are seldom known precisely. Radiation and other 
losses, rate at which heat is given up to work in 
Hrocess, etc., are difficult to calculate. An approach 

» the problem, however, may be made by dividing 
if‘into two parts: The amount of Btu’s required to 
bring the workpiece up to temperature and the 
amount needed to maintain the temperature with 
the heat being transferred to the process. For both 
phases of the calculation the radiation and convec- 
tion losses should be added. These may be ap- 
proximated by reference to Fig. 2, showing losses 
for smooth surfaces of various materials when in a 
vertical plane. If the surface is in a horizontal plane 
the losses from the top of a surface is 110 per cent 
of the curve values and those from the bottom are 
55 per cent. Average losses from top and bottom 
surfaces as well as pipe surfaces are 82% per cent 
of curve values. 


Calculating Heat Requirements 


Heat requirements for bringing the workpiece 
body and materials in process up to temperature may 
be calculated from their specific heat values and . 
volume being heated in a given time cycle. These Fig. 3—Above—Segment heaters are formed to curvalit 
values in Btu’s may be converted to kilowatts by di- autoclave bottom and fastened by welded studs to assufe 
viding by 8412. As mentioned previously more contact for heat transfer 


heater capacity is usually applied than the minimum 
re iia pAcks 80 4 igen being usually con- Fig. 4—Below—Heat sealer on cigarette-makingi® 
q : iat 8 y utilizes cartridge unit mounted in a block between two 


sidered sufficient. Where possible, it also is advis- A narrow steel belt running over the pulleys transfers 
able to use more heater units than actually required, to the cigarette rod 4 
thus lowering their operating temperature and in- 

creasing their life. Life of heaters depends on their 

watt-density and the frequency of on-off cycle. As 

these are reduced, life is extended. 

Terminal connections on strip heaters are avail- 
able in various standard arrangements. Both con- 
nections may be on one end, staggered, normal or 
parallel to the heater length, one on each end, or 
both in the middle of the strip length. Some heat- 
ers have three terminals with the middle terminal 
dividing the resistance element in two for three-heat 
operation. Cartridge heaters usually have both ter- 
minals or pigtails at one end. They may, however, 
1ave a terminal at each end. Strip heaters may be 
obtained in lengths from 4 inches to 96 inches 

-» Whereas. cartridge units vary from 1% inches to 40 
inches depending on diameters employed which 
range from % to 3% inches. Tubular type units are 
available in lengths up to 10 feet with range in diam- 
eters from 5/16 to %-inch. 

Ring units, a modification of strip heaters, are 
available in sizes from 12-inch diameter down to 
small disks. Other special forms of strip heaters in- 


138 MacHINE Desicn—Mate Bice, 


> 








i, formed-segment strip heaters shown on the bottom 
autoclave in Fig. 3. The strip heater elements are 
inches long, formed to the curvature of the tank to 
» effective heat transfer. Each of the 24 segments 
tied at 1 kilowatt and controlled by automatic tem- 
wre regulation. Channel-iron plates fastened to %- 
i sinds welded to the tank bottom clamp the heaters 
he vessel. An insulated sheet metal bottom cover pro- 
an air space to increase heating efficiency. 
bmperatures up to 1500 degrees Fahr. may be ob- 
sd from tubular heaters. The standard strip heaters 
ing steel sheathing and nickel-chrome-iron resistors 
dd not be applied to temperature applications where 
theath temperature would be above 750 degrees. For 
atures up to 1250, high-grade nickel-chrome alloy 
ors are used with chrome-steel or stainless sheaths. 
tel sheaths are applied in humid atmospheres. 
gndard tubular units have copper or brass casing and 
Fbe formed to shape for immersion heaters. These 
gs are suitable for heating water. For oil and alka- 


"® 
curve , z 
assured ‘ 


ng mc 
| two p 
fers 


: §—Plastic-molding press utilizes preformed tubular 
heaters cast into the aluminum alloy molds 


solutions steel casings are employed whereas Everdur, 
or resin-coated casings are used for acids and other 
sive agents. Seamless strip units are also used for 
sion heaters. 
Heat energy may be transmitted to the heated part in 
of four ways. These are: 
© 1. Conduction or contact 
2. Radiation 
3. Convection 
4 4, Circulating system or forced convection 
ever possible the first method, heating by conduc- 
is preferable because it is the most direct. Highest 
wicies are possible and a minimum of materials, ex- 
ig for radiant heating, are required. Also, design pro- 
S are simplified. 
“ioice between cartridge and strip heaters is usually 
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determined by the application and the manufacturing fa- 
cilities available. Cartridge heaters, however, are some- 
what more costly. For heating by conduction both types 
are dependent upon good contact between the heater 
sheath and the heated body. Recesses for cartridge heat- 
ers are preferably drilled and reamed to a close assembly 
fit. Recommended clearance is .004-inch per inch of di- 
ameter. Expansion resulting from heating assures good 
contact throughout the heater length. The better the fit 
that will just allow assembly, the more efficient the heater 
application. The other extreme may be such poor contact 
as to result in low heat transfer with consequent overheat- 
ing of elements and premature failure. Where possible it 
is best to provide a knockout hole by drilling through the 
body so that the heater may be removed easily should re- 
placement become necessary. 

Where suitable precision facilities are not available or 
the hole depth is too great for close fitting of the cartridge, 
an aluminum alloy or other material is poured between the 
cartridge and hole to form a bond for heat transfer. For 
this type of assembly it is necessary to select a matrix ma- 
terial that may be poured at a sufficiently low temperature 
as not to damage the heater. Also in case of maintenance 
replacement the matrix should be easily melted. On the 
other hand it should remain solid at the highest operating 
temperature of the unit. Because of their nature cartridge 
heaters are applied where the mass of the body requiring 
heat is sufficiently thick for drilling and where straight 
lengths of heater units may be utilized. 


Sealer Utilizes Heat-Transfer Belt 


An interesting application of a cartridge heater to a 
cigarette making machine is shown in Fig. 4. The sealer 
unit which dries the seam of the endless cigarette rod be- 
fore it is cut into individual cigarettes consists of a narrow 
steel belt running over two pulleys. A cartridge mounted 
in a block between the pulleys heats the belt. The heat is 
controlled by a thermostat on top of the unit. 

Cartridge heaters do not lend themselves to applications 
requiring special shapes but tubular heaters may be formed 
to any shape desired. For this reason they are utilized for 
immersion heaters or where heaters are formed and cast 
in platens, die blocks and other parts. Fig. 5 illustrates 
such an application. The press molds are cast aluminum 
alloy plates 19% inches in diameter and 1% inches thick. 
Each top and bottom section is heated by a 4-kilowatt 
tubular unit preformed and cast into the molds to provide 
uniform heat distribution. 

Flexible types of tubular heaters, employing lead sheath- 
ing, have been developed by a number of companies. 
Lengths are available in standard sizes of 60 or 120 feet 
for 110 and 220-volt service, respectively, delivering about 
7 watts per foot with a maximum temperature rating of 
165 degrees Fahr. Another type of “serpentine” unit, hav- 
ing coiled-wire sheathing, is tailored to the particular ap- 
plication. This type is shown applied to a cylinder in 
Fig. 6 and is suitable for temperatures up to 1000 degrees 
Fahr., consuming 15 to 20 watts per foot of length. The 
groove shown is turned in the cylindrical surface and the 
heating unit lies flush with the top of the grooving. A pro- 
tective cover is shown partially covering the surface. Be- 
cause of the flexible nature of the unit good centact is ob- 














tained, fastening clips being used only at the ends. 

Strip heaters may be applied to a split platen or 
block by milling slots in the split section, placing the 
heaters in position and assembling. Although an ex- 
pensive operation, this is an excellent method from 
the viewpoint of neatness and efficiency, giving a 
clamping support to the heater throughout its length 
to assure good contact. Also there are no direct 
losses from the heater by radiation. 

Strip heaters, however, are usually clamped to 
the back of a platen or heating shoe, often utilizing 


Fig. 6—Cylinder heater employs serpentine-type 
tubular units. Grooves allow the unit to be flush with 
the surface and clips are needed at each end only 


milled slots to assure better contact. The clamps 
are placed relatively close together throughout the 
heater length to maintain good contact and to mini- 
mize any tendency to warp or bow away from the 
heated part. In this connection, if strip heaters are 
placed longitudinally around a cylinder or drum, 
clamps are preferable to bands or hoops whenever 
they can be applied because the heating cycle would 
tend to loosen the bands and reduce the area of con- 
tact even though the bands might have sufficient 
tension when the unit is assembled. 

For drums like those mentioned, special heaters 
may be procured in which the contact surface of 
the sheath is concave to fit the curvature of the 
drum. If possible, however, standard flat-type strip 
heaters should be applied, though these require mill- 
ing of flats on the drum. The choice of method 
should be dependent on costs, allowing a factor for 
possible need for replacement in the field and the 
facility with which standard heaters may be obtained 
compared with special shapes. If the drum is not 
large, strip heaters may also be advantageously ap- 
plied in sections to form hoops, Fig. 7. These also 
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are special shapes and their selection should be the res 4 2 
analytical study. In all strip heater applications an allows 
of %-inch per foot of length should be made for expansion, 
Another application indicating the versatility of electric jy, 
ers to precise heat control where space is not available for by 
equipment is the bread wrapping machine in Fig. 8, Agog 
ment provisions for the heated side plates also dictate the ys, 
compact units. On each side the folder and sealing plates » 
heated by one 150-watt, two 400-watt and two 300-watt a 
heaters. The bottom plates, shown in the foreground, ares 
ilarly heated to form the bottom seal on the wrapper. Fork 
with concave bottoms a row of heated sealer fingers is pry 
followed by a row of unheated fingers to furnish additional 
sure to the seal. Sufficient heat to melt the wax on the wray 
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Fig. 7—Strip heaters formed in the shape of hoops around 
filter maintain working temperature of 120 degrees Fab 


PXUrC 


is applied by these units to make the seal as the loaves Misyffi, 
through the machine. i pl 
Radiant heat applications of these types of heaters d0 
have wide utilization. Where radiant heat is required, 
coil heaters rather than the sheath-type heaters are satisiat® 
They are less expensive and have the advantage of lattimeric 
areas of heater surface for a given space. Where only low® Maine 
peratures are required, however, strip or tubular heaters’ 
been used to advantage. They are easy to apply, m4 
(Concluded on Page 176) 
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» stresses on bracket 





Fatigue strength of screw 
enings for bracket-mounted 
anging loads has been 
nd to be a limiting factor in 
ign. This is because the flexi- 
ity of the bracket rim imposes 
ural stress on the fastenings, 
. lting in early failure. Tests on 
Phase of design were re- 
med by the author at the 
‘ent annual meeting of the 
rican Society of Mechanical 
yineers, from which report this 
article is abstracted 
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By A. M. Wahl 


Westinghouse Research Laboratories 


Effect of Vibration on 


Brackets, Fastenings 


ECAUSE of the severe vibration present in modern aircraft power- 
plants, engine-mounted auxiliaries must be designed to withstand ac- 
celerations of the order of 40 to 50g without failure, while at the same 

time the weight must be kept to a minimum. When attached units are 
overhung like the generator in Fig. 1, these vibrations impose severe re- 
versed bending moments and fatigue loading on the bracket for attaching 
the generator to the engine. 

To check the strength of brackets under such conditions, fatigue tests 

have been made on different designs and materials including forged steel, 
aluminum alloys, cast-steel alloy, and cast-iron alloy. This discussion will be 
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Fig. 2—Above—Typical forged-steel brackets tested by fatigue loadin 
limited mainly to the fatigue tests on study bracket design and its effect on bolt strength 


the forged-steel brackets. These tests 


— “ei pe , Bm ci ag Fig. 3—Below—Failure of screws for various bracket-rim thicknesses plot | 

sae » ee ee corer ae against applied moment. In practically all cases the first screws to br 
first begun ye — renee that on were those farthest from the neutral surface of the bracket 
many cases the limiting factor in the 


design was not the fatigue strength of 
the bracket itself but rather that of 
the screw fastenings used to hold the 
bracket to the generator frame. Al- 
though it is frequently assumed that, 
if a screw or bolt is tightened to a 
load greater than the applied external 
load, fatigue failure will not occur; 
this is true only if the connected mem- 
bers have a sufficiently high rigidity. 
It is not the case where considerable 
flexibility is present. As Almen* has 
shown, the variable stress in such 
screw or bolt fastenings increases with 
the flexibility of the connected parts 
and, if this flexibility is too great, the 
variable stress present may be high 
enough to cause eventual fatigue fail- 
ure regardless of the initial bolt load. Fig. 4— Below — Method ‘for fatigue-testing generator brackets, stim 
In the case of the generator brackets Joading conditions. Alternating load is applied through calibrated teas 
tested, the flexibility of the bracket compressing springs. Loading is measured by dial and indicator on spt 
rim allows the screw heads to bend, 
thus setting up a variable stress which, 
when magnified by the stress concen- 
tration present, may result in fatigue 
failure. The strength of the screwed 
joint is thus dependent upon the rigid- 
ity of the bracket rim and will vary 
for brackets with different rim thick- 
nesses. 

The forged-steel brackets were 
made either from normalized SAE 
1045 or heat-treated SAE 4140. 
Typical brackets of this type are 
shown in Fig. 2. Because of the thin 
rims used to save weight, the screw 








Cycles to Failure 
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holes in most cases broke through the rim section. This, 
however, was not the case for one bracket—shown on the 
right in Fig. 2—which had a full rim, the hole diameter 
being less than the rim thickness. A flat-plate type of 
bracket will be discussed later. 

In the fatigue-test apparatus for these tests, Fig. 4, the 
generator frame with attached bracket is mounted on a 
plate to simulate the attachment of the generator to the 
engine. An alternating load (reversed in direction) is 
applied through tension-compression springs, driven by a 
variable-throw eccentric mounted on a motor shaft. By 
this means an alternating bending moment may be applied 
to the bracket to simulate moments developed in service 
under severe vibration conditions. The load is deter- 
mined by measuring deflections of the calibrated springs, 
using a dial indicator. For carrying out tests at elevated 
temperature (250 Fahr.), an electric heater is placed 

around the specimen. 
». 5—-Above—Typical shape of fatigue fracture of In most of the tests 10-32 socket head screws (.19-inch 
socket-head screws diameter) were used to fasten the bracket to the genera- 
tor frame and these were tightened to a wrench torque of 
p.6—Below—Special design of bracket with flexible rim 65 inch-pounds. Assuming a coefficient of friction of .25, 
this gave a calculated initial load approximately one-half 
the ultimate breaking load of 3200 pounds. The calcu- 
lated working loads in most instances were only a small 

fraction of this value. 








Bracket Assembly Dependent on Screw Strength 


As indicated previously, when the fatigue tests of the 
forged-steel generator brackets were first begun it was 
found that the strength of the bracket assembly was lim- 
ited by the fatigue strength of the screws. Since this in 
turn is dependent largely upon the rigidity of the bracket 
rim, the strength of the screwed joint will vary for the 
various brackets tested, depending upon the rim thickness. 
In practically all cases, the first screws to break were those 
farthest from the neutral surface of the bracket where the 
bending action of the spokes is the greatest. In general, 
the breaks occurred by snapping off of the screw heads, 
Fig. 5. In some cases the fatigue crack extended from the 
fillet directly across the body of the screw, while in others 
the crack extended through to the socket in the head of 
the screw. 

The results with regard to screw failures are shown 
graphically in Fig. 3, in which the alternating bending mo- 
ment is plotted against cycles to failure for various 
brackets with different rim thicknesses. (Only screw 
breakages are considered here, failures of the spokes or 
rim being discussed later.) Rim thicknesses varying from 
.12 to .134-inch are represented by open circles in Fig. 3, 
thicknesses from .135 to .15-inch by the filled circles. Al- 
though there is considerable scatter, the trend of the 
curves may be represented by the full lines shown. These 
give an indication of the increase in average fatigue 
strength of the screwed joint as the rim thickness is in- 
creased. This is because the variable stress in the screws 
is reduced as the rim thickness (or rigidity) is increased. 
Thus, for example, for a rim thickness of .145-inch, the 
calculated screw stress is 64,500 pounds per square inch 
at 9600 inch-pound moment; this drops to about 11,000 
pounds per square inch for a rim thickness twice as great. 

A test was made also on a bracket with a special flex- 
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ible rim, Fig. 6, obtained by drilling t-inch holes laterally 
in the rim as shown. Failure of one screw occurred in a 
very short time, the fatigue life of the bracket being less 
than one-tenth the life of a similar bracket without holes 
in the rim. This result is, of course, to be expected be- 
cause of the high variable stress in the screws resulting 
from the extreme flexibility of the rim. 

The effect of variable stresses in the screws is also shown 
by the test on the flat-ring type of bracket. This bracket 
showed poor results, failure occurring after only 20,000 
cycles at 9600 inch-pound moment. This may be ex- 
plained as follows: The loading conditions at the screw 
joint of this bracket are as shown in Fig. 7. When the 
shear load p,, on the spokes acts upward as indicated, a 
resultant compression load P acts as shown between 
bracket and end of generator frame. Because of the 
short lever arm (estimated as about .02-inch for this 
bracket) a high load is developed, calculations indicating 


that the load on the screws is only a small fraction of that 
required to avoid opening of the joint at the applied mo- 
ment used in the tests. Consequently, a high variable 
stress in the screws, due to joint opening, is induced and 
this accounts for the poor showing of this bracket. 

Some improvement in the performance of this bracket 
might have been obtained by thickening the section near 
point B (Fig. 7) so as to maintain contact all along the 
generator frame thickness, and by using a larger number 
of screws; but even then calculations indicated that the 
forces developed will approach the values equal to the 
initial screw loads. Hence there would still be danger of 
loosening of the joint with consequent high variable stress 
in the screws. 

Tests also were made under many different conditions 
including the use of different screws—standard fillister- 
head screws, screws with lower hardness, cadmium-plated 
screws, tool-steel studs, screws with special fillets under 
head, etc. However, as previously indicated, it was found 
that in most cases the big effect in determining fatigue 
strength of the screws was not the screw material but 
rather the rim rigidity of the bracket. 

The nominal variable stresses in the screws for the vari- 








ous tests at different applied moments were cal 
These stresses are plotted versus number of cycles jj 
ure in Fig. 8. (In this figure, a few points obtaingdi 
other tests on cast carbon-molybdenum steel bra 
also been included.) As may be seen, there is oguuull 
able scatter in the results, but an endurance limit gall 
where around 25,000 to 30,000 pounds per square jgil 
nominal calculated stress in the screws (or an endyp 
range of 50,000 to 60,000 pounds per square inch) 
dicated. The endurance range of the screw mam 
(hardness around 400 to 425 Vickers) should be ams 
180,000 to 200,000 pounds per square inch in rey 
stress; a somewhat lower value would be expected y 
high mean stress. ¥ 
Since the screws were subject to a fairly high i 
stress as a result of tightening, this would appear . 
cate a fatigue-strength reduction factor somewhere amp 
38. Because of the small fillet under the head ga 
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ber of cycles Mig, 1I- 
failure for bratifhrged : 
fasteners 





Fig. 9—Below—Fatigue cracks, indicated by arom, 
forged steel bracket 
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ig. 1O—Above—Bracket having fatigue 
cracks in rim and spokes 

-Left-(i 
stress 
erSus Nu 
cycles Hig, 11—Right—Spoke-failure curve for 
‘or brodirged steel brackets. Screw failures are 
teners not included 
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itigue reduction factor appears reasonable, 
though on the basis of the stress-concen- 
action factors obtained by photoelastic 
arrow, 5S On T-heads by Hetenyi?, considerably 
igher theoretical factors would be expected 
x small fillets. 
the previous discussion has been con- 
ed mainly with screw failures since 
B were a limiting factor in many 
However, bracket failures, usually in the spokes 
Sometimes at the screw holes in the rim, were 
D obtained in the course of the various tests. An illus- 
lion of fatigue cracks in a typical bracket is shown in 
9, the direction of the applied moment being indi- 
dd by the black marks, It is of interest to note that in 
tase the fatigue cracks did not start at the spokes 
mest from the neutral sur‘ace, but at a spoke farther 
l. This indicates a higher stress at this point than at 
top spoke where the bending action may be expected 
P greatest. 
aus was found by the brittle lacquer (Stresscoat) tests 
a out by Hetenyi and Young on similar brackets*. 


lications of Photoelasticity in Turbine Generator Design” 

Esco Tranwactione, ASME., Vol. 61, 1989, Page A-155. 
Bite Zatu_M: Hetonyl and’ W. Young. Provecdings of the 
sr Exporinental Stress Analyse, Vol. 1, No. 2, 1944, 
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The first crack in the lacquer did not start at the top spoke 
but at one farther down. The explanation for this is that, 
although the bending action is a maximum at the top 
spoke, the effects of direct shear and torsion are greater 
at spokes near the neutral surface. However, these Stress- 
coat tests also showed that there was not a great deal of 
difference between the stress at the top spoke and that at 
which the first crack started. 

Fatigue cracks in the rim as well as in the spokes are 
shown by the cracked bracket in Fig. 10. The rim failures 
in this case started near holes, as indicated by the arrows, 
the reason for this being the stress-concentration effect of 
the holes. 

A summary of the fatigue-test results, as far as bracket 
failures are concerned, is given in Fig. 11, in which applied 
moment is plotted against number of cycles to failure, 
screw failures not being included. Since in most cases 
spoke failures only were observed, the minimum spoke 
thickness is indicated on each point, while arrows at vari- 
ous points indicate no failure. In all cases, the applied 
moment was obtained by multiplying the load by distance 


Cycles to Failure 


from resultant to midpoints of the spokes. 

On the basis of the various tests, a rough estimate of 
the endurance curve for the brackets of heat-treated, 
forged SAE 4140 steel is shown by the full line in Fig. 11, 
for a minimum spoke thickness of .18-inch. This indicates 
an applied moment of about 12,000 inch-pounds at the 
endurance limit for this spoke thickness; lower values, of 
course, would be expected for the brackets with thinner 
spokes. 

Taking the mean radius r,,= 2.43 inches, thickness h= 
.18-inch, and width of spoke b = .70-inch at point of failure, 
Fig. 12, length a from mean radius r,, to point where crack 
starts equal to .29-inch as obtained by measurement, the 
calculated spoke stress comes out to be 63,000 pounds per 
square inch at the endurance limit, assuming 12,000 inch- 

*pound applied moment. 
The stress in the rim near the screw holes was also cal- 
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culated for the heat-treated, forged-steel brackets with a 
rim thickness of .205-inch. Taking the thickness at the 
point where fatigue crack starts as .205-inch, the calcu- 
lated nominal stress at the endurance limit (12,000 inch- 
pound) becomes 37,000 pounds per square inch . If one 
assumes a stress-concentration factor of about 2, as seems 
reasonable due to the presence of the screw holes, this 
would mean a variable stress of about 74,000 pounds per 
square inch. This figure, while approximate, explains why 
failures also occurred near holes in the rim in some of the 
tests. 

Since the heat-treated brackets had an average hardness 
of around 350 Vickers, a tensile strength of about 160,000 





Fig. 12—Sketch showing fatigue crack in spoke and 
dimensions used for stress calculations 


pounds per square inch would be expected. This would 
correspond to an endurance limit around 70,000 to 90,000 
pounds per square inch*. The calculated figures for spoke 
and rim stresses previously mentioned, therefore, appear 
reasonable when the rough nature of the calculation is 
considered. 

This investigation provides a demonstration of the fact 
that screw failures, in general, are due to variable stress, 
and that such failures may occur under fatigue loading 
provided the rigidity of the connected members is insuf- 
ficient. 


*4“Manual of Endurance of Metals Under Repeated Stress”—H. F. 
Moore, Engineering Foundation Publication No. 18, 1927, Page 82. 





Where Dielectric Heating 
May Be Applied 


IMITATIONS of dielectric heating which restrict uni- 
versal application of this form of heating materials by 
a varying electric field are all interlocked to some degree 
with each other. These interrelations should be evalu- 
ated with respect to the actual application and have been 
summarized by Carl J. Madsen, Westinghouse electronics 
engineer. 
High-frequency energy is not a cheap form of heat. It 
costs approximately two and one-half to four cents a kilo- 
watt-hour, ‘including direct operating cost, maintenance 
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the range where the material becomes sufficiently cm, 








and amortization. Therefore it becomes economical Only 

by virtue of one of the following factors: 
1. Produces a result not possible by other method 
. Increases the speed of the process, saving cogs 


A 





2 
8. Confines heating in the area needed 
4. Is clean and compact 

5. Reduces rejects or improves production quality 


6. Is flexible in application. 


Dielectric heating is applicable only to materials yy, 
mally considered poor conductors of electricity or ing, 
tors. When electrical resistivity drops below 1000 op 
centimeters, it may be necessary to apply other technigus 

In general this form of heating becomes attractive wha 
the thickness of the material is sufficient to make difficy} 
the heating of the material throughout by conventiog) 
means. In terms of inches this will vary with themj 
conductivity. Thickness of the material must be reas 
ably uniform if even heating is desired. If the work is¢ 
such shape—for example, wedge shape—that two pies 
of material can be placed in complementary positions iai 
the resultant thickness be uniform, the material will he 
evenly. Special electrode design and arrangement my 
sometimes be used when dealing with irregular-thickns 
materials. . 

Area to be heated limits the frequency which may 
used in two ways: The capacitive reactance of a large aa § 
may become sufficiently low as to make tuning of the lod 
extremely difficult if not impossible. The currents it 
volved may also reach magnitudes difficult to handle. Tk 
length of the Joad may be such as to produce standig 
waves. 

Since the amount of energy introduced into a mateti 
is proportional to frequency, the desire is to use as hight 
frequency as possible. The higher the frequency ws, 
however, the greater the probability of unequal voltig 
distribution. If the longest dimension of the electrode 
a small fraction of a wave length, or if the materiali 
scanned, this effect is minimized. 

Another limitation occasionally encountered is that « 
generator design for high power at high frequencies. Frm 
a practical viewpoint it appears undesirable at presett® 
use frequencies above 20 megacycles when power abo 
20 kilowatts is involved. 

Because power input is proportional to the volt 
squared, considerable power can be supplied at relativel 
low frequencies if the voltage is increased sufficienty 
Two limiting factors apply. Total voltage between # 
trodes should be kept under 15,000. Precautions nem 
sary to avoid corona and arc-over often are more 0 
than a compromise of another engineering factor. Volt 
gradient permissible across the material may be a limit 
factor. The radio frequency voltage which will pun 
a given dieletric material is generally much lower "4% 
the 60-cycle voltage which a material will withstand. 

As the loss factor, commonly used to express the deg" 
to which materials will absorb energy, approaches 22 
becomes increasingly difficult to transfer power into® 
material. Practical lower limit of the factor appears ©’ 
between .005 and .01. Upper limit probably blends # 
































tive as to respond to inductive fields, although some ™, 
effect will probably be noted before this limit is rea¢ 
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» wal fy ASIC equations for the tangential, radial, shearing 
large a | ) and combined stresses in curved beams were derived 
f thelo . i the previous article, published in last month’s 
irrents nffue: How these equations may be applied to the design 
ndle. Te 2 curved beam member is explained in detail in the 
> standagresent article, from which it will be evident that the 
ocedure is only slightly more laborious than for a 
a materigeaight beam member. 
as high The following problem will illustrate the use of the 
ncy wsigemulas in designing a cast iron punch press frame. 
al voltigf ProsLem: Design a box-section punch-press frame, as 
ectrodes own in Fig. 6, to withstand a 
material ad of 100,000 pounds with a 
boat depth of 36 inches, using 
is that i working stress of approximately 
cies. Froifl0,000 pounds per square inch. 
present if If the designer has had no ex- 
wer abotmerience with frames of this type 
may be necessary to make one 
he voltag™t more trial solutions before arriv- 
t relativelig at a satisfactory section. This 
ufficienlifroblem, however, will illustrate 
ween efow much of the labor can be 
jons nesmeved after the preliminary calcu- 
nore cosiition has been made. 
or. Volt CALCULATION FOR TRIAL SEC- 
, a limitiiton O-A: The trial section is 
I] punci#fown in Fig. 7. R,, (see Nomen- 
lower “Mature, Part I) is first found by tak- 
stand. Bg the moments of the areas about 
the deg 
hes zef0 
er into ¥ 
pears 10! 
blends . 
‘ly condi ' ©—Punch-press frame is a 


D iliar a 7 7 
somal pplication of a curved 


reached 


"m and is used in this article to 
strate the use of the formulas 
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ad Strength of Curved Beams 


the center of curvature and dividing this by the sum of 
these areas. Referring to Fig. 7, the total area is made up of 
four rectangular sections as follows: (24 x 4) with its 
center of gravity (8+4)/2 or 6 inches from the center 
of curvature; two sections 1 inch x 24 inches deep with 
the center of curvature (8+382)/2 or. 20 inches from the 
center of curvature; one section 20 inches x 2 inches with 
its center of curvature (84+32)/2 or 33 inches from the 
center of curvature. Location of the center of gravity 
for the whole section is therefore 





_ (24K 4)6+ (2X 24)20+ (20X2)33 


Rea 24X4+2x24+20x2 


=15.522 inches 


Radius to the neutral surface, R,, is found by substitut- 
ing in Equation 8. For these rectangular sections, 
dA=bdr, and the integral must be broken down to give 
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R= ° —_— — = §, itn aa 
* 24 dr 2 2dr *« 20 dr [2 J r ATR, S-SREX Ia ie, a BAX 



































R 
horn FoR Ss 
= 29.5 
re A In the denominator of Equation 7, A is the total ; 
24 log.—-+ 2 log. == +20 ieee of the section and B is the minimum width at R=8 iy) Ta 
8 32 (Fig. 8) which is 1%. Substituting in Equation 7, 
Values of these logarithms may be taken from a table 100,000 (36-+4-15.522)29.5 
of Napierian (hyperbolic) logarithms, a log-log slide rule, Sradiat= 103.5 (15.522—8.924) X8X1.195 
or read from the graph, Fig. 3, Part I. It is also worth ; : 
noting that log,(R./R,)=2.3 log, )(R./R,). Substituting = 24730 pounds per square inch 
the values of these logarithms gives " 
This radial stress may be decreased by increasing 
184 value of b at 8 inches from 1% inches to 1% ing 
R.= 24X.69314-2X1.3863120X.0606 x 24,730/10,000=2.782 inches. Rounding out t § 
inches would make the radial stress at 8 inches op 
en to 27,820/2.875=9677 pounds per square inch, 
fillet should be extended out from 8 inches to @ Ra 


Tensile stress at R,, using Equation 5, is 24,730/10,000=19.784 inches. Making this 20 ind 
gives the final section shown in Fig. 9. 


i 


S.= 








100,000 (15.522+36) (8.924—4) CueckK OF Fina Section O-A: The new 
184 ( (15.522—8.924)4 R.,, from Fig. 9, is found as before, keeping in ii 
that the center of gravity of the triangular fillet im 


=5768 pounds per square inch 


This stress is much below the allowable so the area 
may be reduced. By reducing all values of b by the 
same percentage, all values of r will remain the same 
and the stress will increase inversely with the area or 
breadth of the section. If the working stress is to be 
10,000 pounds per square inch, the breadths may be 
made 5768/10,000=.5768 of the trial values. Using 
9/16 (.5625) of the values of the b’s, the corrected section 
is shown in Fig. 8. Then the new area =9/16 x 184=103.5 
square inches, and the stress is S,= (16/9) x 5768=10254 
pounds per square inch. 

Radial stress at R=8 inches is found by substituting Fig. 8—Second trial section for horizontal plane{oA 
in Equation 7. It is to be noted again that dA—b dr, modified from Fig. 7 to give correct tangential sire 
where b=13% inches, while the final term in the numer- 
ator is evaluated only from R,=4 inches to R=8 inches, or third of the fillet length (or 4 inches) from the ™ 

of the fillet. Moment of the fillet area therefore is? 
1% x 12 x 12=126 and 


[} 


R (18144X4)6+126+4+ (24X1.125)20+ (1134X2)33 
eg= __$___—— 


(138144X4)+ (134X6)+ (24 1.125)+ (114x?) 
=15.197 inches 








In calculating the new value of R, from Equalitt 
the term in the denominator corresponding to the fll# 


20 20 
f bdr_ f 134(20—r)dr 
8 r ov, 12r 





Ca 
am j 

14x20, 20 1% * 
a aa a 
# abc 
= 2.673—1.75=.923 Tx 

Fig. 7—Trial section in the horizontal plane OA is estab- aT ee ; 

lished on the basis of previous experience then, substituting along with values from Fig. 9, be 
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114 





1 
34x (8-4 R.= 32 


8 





8 34 
13% log. 7 +.923+1.125 log. +11 log. = 


=9,104 inches 
© total ar 
R=8 ini Tangential stress at 4-inch radius is, from Equation 5, 


ion 7, 



























a ( 51.197 5.104 
114 6.093 4 ) 
25 = 10281 pounds per square inch 
1 

Radial stress at 8-inch radius is, from Equation 7, 
pe. : 100,000. 51.197 _ 9.104Xx9.375—54 

leh redial = 

Ri 114 6.093 8X 2.875 
iches eq =10047 pounds per square inch 
inch. 
es to §@ Radial stress at 20 inches is found by integrating be- 


20 ind 


NV bs 
ig in i ~~ 4 S SRS Se ahhh pe ee ey 
let is oo | | 







i. 9—Final section OA, modified from Fig. 8, takes 
4 proper account of radial stresses 


feen 34 inches and 20 inches. The last term in the 
erator of Equation 7 becomes, for this case, 


fn fia? 


r FY 


34 32 
= — 9.104 (11% log, ———+1.125 log. =) - 


m. the bi 


fore is 4 


[1144(32—34)+1.125(20—32)] 


= —9.104(.682+.529) — (—224—13%) 





(X2)33 
Axa) = 24.975 
wien, at 20 inches, 
Equation 
the Sik Sreaqgyex_1002000X51.197X24.975 


114X6.093 X 20X 1.125 


=8180 pounds per square inch 


CaLcuLaTionNs FoR SECTION O-B: Since the moment 
im is 86 inches instead of 51.197, the moment will be 
“out .7 of the moment for section A, so the section may 
~ teduced about 25 per cent in area if the total depth 
t about the same as section O-A. 

Tat Section O-B, Fig. 10. Calculating R,, and R, 

before, the following results are obtained: 
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Fig. 10—Trial section for vertical plane OB, with slight 
modification, yields satisfactory stress values 


222.75+-78.75+478.69+343.12 


«"40.5+7.875+25.875+11.25 ~~ 1197 inches 





40.5+-7.875+25.875+11.25 
7.555+2.572—1.75+1.637+.369 





= 8.235 inches 


Substituting in Equation 8, 


g, 100,000 36 4 4:285 
‘85.5 ~*~ 4.902 4 





=9100 pounds per square inch 


Combined stress at R=7 inches is found from Equation 
18, in which the middle and last terms in the numerator 
are, respectively, 


36 1 36 \? is 
+ ( : ) +13.137 =30.3 





7 
8.235X13.5 log.—- — 40.5=21.7 


and 


___ 100,000X30.3X21.7 
~ 85.5X4.903K 7X 2% 





S/ 


=10800 pounds per square inch 


This stress S,’ can be reduced to the desired value by 
increasing the total value of b at 7 inches from 2% inches 
to 2% x 10,800/10,000=3.105 or 3% inches, which cor- 
rects the 8% inches dimension of Fig. 8 to 8% inches. 
The fillet should also be extended out from 16 inches 
to (3.105/1%) x (10,800/10,000) x 7 inches = 21 inches. 

From the foregoing discussion the general procedure 
in designing a curved beam for minimum weight may 
readily be followed. It should be pointed out that the 
new formulas for obtaining radial and shearing stresses 
are of particular value in determining the strength of 
box, T or I-sections where the mass of material is con- 
centrated near the inner and outer radii in order to 
make the frame as light as possible. Other sections such 
as circular, elliptical and trapezoidal are heavier, while 
the radial stresses in them never attain values approaching 
the strength of the material and therefore need not be 
considered. 























































Precision Casting Obviates 


Machining 


By Arnold Ristow 
Allis-Chalmers Mfg. Co. 


N THE manufacture of aircraft turbosupercharger 

buckets, difficult metallurgical and machining prob- 

lems arise due to the nature of the material that must 
be used to meet extreme conditions. Operating speeds 
of 25,000 revolutions per minute create enormous cen- 
trifugal forces which the buckets must withstand, while 
the exhaust gases driving the turbine are hot enough to 
raise the working temperature to 1600 degrees Fahr. 

To add to the complexity of the problem, the gases 
do not reach the turbine blades in a continuous flow 
but rather in a series of closely spaced blasts, inducing 
tremendous vibrations and pulsations. Also, the gases 
are chemically corrosive and the high flow speeds cause 
a mechanical erosive action. 

Few metals or alloys possess the combination of char- 
acteristics required, strength at high temperature being 
the most difficult to fulfill. After experiments with alloys 
using cobalt, chromium and molybdenum, an alloy of this 
class known as Vitallium has been found to be highly 
satisfactory. This alloy at room temperatures shows an 
ultimate tensile strength of 100,000 pounds per square 
inch with an elongation of 8 to 13 per cent. Yet at 
1500 degrees Fahr. the tensile strength is still 65,000 
pounds per square inch with elongation 20 per cent. 

Although Vitallium satisfies the requirements, it is 
extremely hard and can be machined only by use of 
abrasive wheels and belts. Consequently “lost wax”, or 
investment, casting which allows the buckets to be cast 
to within a thousandth of an inch of the finished dimen- 








sion, proved to be an invaluable aid in their produgy 

In the process, bucket patterns are molded in groups 9 
four, with individual riser and a common branch te 
molded integral. Molding is done in bismuth-lead % 
sets made from a steel “master” machined to the ey 
shape of the bucket plus shrinkage allowance. 

After clamping in the fixture, wax at a temperatued 
140 degrees Fahr. is injected into the mold unde 
pressure of 65-85 pounds per square inch. Then the mol 
are opened and the wax pattern removed. Six of i 
groups are assembled with runners, risers and spne 
form a complete pattern for 24 buckets. The pat 
assembly is dipped in a silica flour suspension, a 
extremely fine sand is sprayed over all the surface§ 
back up the dip coat, after which the pattern is allow 
to dry thoroughly for 48 hours. . 


? 


Making the Mold 


ta 


A chromium-nickel steel flask is employed. A lined Ye 
waterproof paper is put in place and the entire asser 
waxed together, forming a mount that holds the patig 
securely in place during further handling. Liquid m 
material, called an “investment” and made from selediifies 
sands with a liquid binder, is poured around the patie 
The flask, filled slowly with a small scoop, is plane 
upon a vibration table to settle the fines in the mix ai 
to pack them closely around all portions of the patter 

After drying for eight hours, the molds are placed a” 
a steel grating where steam is directed against them. Tig 
heating first melts the wax holding the base plate, allowigy” 
the plate to be removed, then melts out the wax. 

Molds next are placed on alloy steel trays which # 
fed into a two-zone gas-fired pusher-type furnace, 0 
first zone operating at 500-600 degrees Fahr., the sec 
at 1850 degrees Fahr. The purpose of this heating i" 
vaporize any remaining wax in the mold and to raise 
temperature of the mold high enough to assure fuidi 
of the Vitallium metal, preventing excessive chilling! YR 
the metal flows through the mold. Small electric cami 
are furnaces are used to melt stock for the castings. ga 

To assure proper filling of the mold and aid in prod night | 
tion of sound castings, air pressure is applied when ® arety 
metal, at a slightly superheated temperature, is pounBnate t] 
in the mold. After cooling for 4% hours, the castil§ Sense 
removed from the mold. The investment is exte™Bthich 
hard, and the flask is first placed in a fixture positil™"™nethod 
so that an air hammer can strike directly against "eve 
crucible head of the sprue. This hammer breaks up "@P satis 
mold to such an extent that the casting can be remm"§ Of 

From this point the castings go to an abrasive Ogésketin 
machine where the gates and riser are trimmed from apis ar 
buckets. Investment still clinging to the bucket heral 
knocked off as the buckets are tumbled and shot blas™gressior 
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Roger W. Bolz 


& ROPER understanding of the basic factors involved in gasket 
selection can go a long way toward avoiding costly failures in 
gasketed installations. A practical method of approach that 

hight be used in choosing a satisfactory gasket design from the great 

aiety of types commercially available would, without doubt, elim- 

hate the major portion of the problem. However, owing to the im- 

lense number of variables associated with the gasketing process 

which have not been completely evaluated, an absolutely reliable 
nethod of selection has not as yet been devised. In most instances, 
ertheless, applications based on experience in the field will result 

i satisfactory service. 

Of the numerous variations in gasketed joints and methods of 
isketing, the compression type gasket is probably the most common. 
bis article will be confined, therefore, for practical purposes, to the 
neral steps that may be followed as an aid in the selection of com- 
sion gaskets, regardless of the nature of the equipment in which 
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pressure. 






















Fig. 1—Wide variation in gasketing materials 


necessitates careful design consideration 


Fig. 2—Below—Yielding of a gasket 
Typical joint surfaces, the 


has serrations and the lower a plain 
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upper 
finish 
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are to be used or the details of the closure design. 
Selection of a gasket for a given installation is depend- 
t upon the various features of the closure construction 
id the prevailing operating conditions. Mechanical fea- 

of the closure restrict the choice to those types of 
gkets possessing suitable physical characteristics. Re- 
Yance of the gasket material to the effects of operating 
nditions further restricts this choice. ll effort, there- 

must be directed toward that combination of mate- 
and construction which will produce and maintain as 
ar a perfect seal as possible under the specific operating 
Specifications for a satisfactory gasket material might be 
mowed down to a few major factors. In effect the 


asket shall: 


a Withstand the necessary bolt pressure without crush- 

_ ing or excessive flow 

9. Have sufficient resilience, without excessive thickness, 
to distribute the applied pressure evenly 

'§. Have sufficient elasticity to maintain an adequate 

| amount of the applied pressure in operation 

4 Resist sliding out in operation if not retained by a 
groove or shoulder 

5, Be reasonably unaffected by the medium handled 

6. Chemically resist on both inner and outer exposed 

_ edges, the mediums contacted 

7, Not contaminate the medium or promote corrosion 
Be easily installed or separated and removed. 


Because the governing factors of closure construction 
ind operating conditions are closely related, the engineer 
selecting a gasket should first consider the expected op- 
mating conditions to determine the necessary flange con- 
fuction. Contacting surfaces of the closure flanges can 
oe to suit any gasket which may be chosen. Se- 
n of the gasket should, as a rule, be made at the time 
atthe joint construction details are determined. 
Sealing of a gasketed joint by compression between 
ages is effected through yielding, or flow of the gasket 
na terial into the various imperfections of the flange con- 
tt faces, resulting in a smooth unbroken barrier having 
0 pathways through which the confined media may 
The extent to which a gasket material must flow 
I order to create an impervious seal will depend upon 
he type of contact face and its surface finish. Obviously, 
flow of the gasket material is required to seal a reason- 
bly smooth surface than a rough one. Fig. 2 shows how 
" quate bolting flows the gasket into flange imperfections. 
int surfaces, in this illustration, are representative of ordi- 
ty machine work—the upper flange having typical ser- 
and the lower a so-called smooth finish. 
iT t surface that appears to be best for most gaskets 
is of a smooth, flat and clean machine finish, such as 
be made by a 90-degree V-nose tool at a feed of 
Wut Ol-inch. Serrated faces consisting of concentric V- 


E. Unfired Pressure Vessel Code. 
a 
3—Left—Gasket factors, yield values, basic yielding 
a2 and load-attack location for various designs and 


commonly used. (From “Gasket-Loading 
Constants" by Rossheim and Markl) 
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shaped grooves spaced approximately 1/32-inch are com- 
monly used with soft gaskets. The so-called “gasket-sur- 
face” consisting of a spiral groove made with a 1/16-inch 
radius round-nose tool at a 1/32-inch feed, provides a 
most difficult facing to seal, particularly with a metal 
gasket, although it is satisfactory if rubber or sheet pack- 
ing is used. The standard “phonograph” finish consisting 
of a V-shaped spiral groove at 1/32-inch feed should 
never be used with metallic gaskets. Serrations greater 
than 1/64-inch in depth are not usually recommended. 

The amount of force that must be applied to the con- 
tact area of the gasket to compress or flow the material is 
referred to generally as the yield stress. Theoretically, this 
value is considered to be independent of the internal work- 
ing pressure and is, therefore, the minimum stress that 
must be applied to the gasket if a good seal is to be had, 
even with low pressures. However, application of internal 
working pressure may introduce a condition which tends 
to separate the flanges and lower this effective stress on 
the gasket. Ability of a gasket to maintain a seal at re- 
duced stress is a function of the resilience of the material. 
The ratio of this so-called resultant or residual stress to the 
internal pressure is, for all practical purposes, a constant 
throughout a wide range of pressures for a given gasket 
construction and composition. This ratio is called the 
gasket-factor or contact-pressure ratio. 

Physical characteristics of a gasket material determine 
the required yielding stress and gasket-factor, hence the 
amount of force that must be applied to initiate and main- 
tain a tight seal. Since the majority of joints are as- 
sembled by means of bolts, the amount of bolting required 
must be calculated. The minimum total bolt load in 
pounds may be determined from the greater of the values 
obtained from the following formulast. 

Operating or working econditions 


W,.=H+H,=.785G*p+ 2b (3.14Gmp) 


Atmospheric temperature conditions without internal 
pressure 


W,.=H,=3.14bGyr 


where 
W,, = Minimum required bolt load in pounds 
H = Hydrostatic end force in pounds 
H, = Total joint-contact surface compression load in 
pounds 
H, = Total joint-contact seating load in pounds 
G =: Mean diameter of gasket in inches 
= Maximum allowable working pressure in 
pounds per square inch 
= Effective gasket seating width in inches 
= Gasket-factor or contact-pressure ratio 
— Gasket unit seating load in pounds per square 
inch 
= S,/ Su 
» = Maximum allowable bolt stress at operating 
temperature 
S, = Maximum allowable bolt stress at atmospheric 
temperature. 
Minimum bolt load determined by foregoing process 
will be sufficient to resist, under maximum operating or 
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Drawing, courtesy Goet 
Gasket & Packing Co. Inc. 
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Type 1. Plain type deeply 
corrugated metal 


Type 2. Deeply corrugated 
metal core partially en- 
closed by a metal shell 


Tyre 8. Corrugated metal 
core covered with woven 
asbestos cloth 


Tyre 4. Corrugated metal 
with twisted and treated 
asbestos cord cemented 

into corrugations 


Tyre 5. Corrugated metal 
with asbestos cord cement- 
ed into corrugations and 
with reinforcing inner lap 


Type 6. Sheet steel core hav- 
ing clincher prongs em- 
bedded in asbestos sheets 


Tyre 7. Interlocked plies of 
preformed metal strip spi- 
rally wound with cushion 

of asbestos strip 


Tyres 8. Spirally wound type 
with centering guide for 
accurate positioning 


Type 9. Spirally wound type 
with combination center- 
ing guide and compression 

limiting gauge 


Tyre 10. Soft filler partially 
enclosed by a metal shell 


Tyre 11. Soft gasket mate- 
rial reinforced by metal 
rims 


Tyre 12. Soft gasket filler 
completely enclosed by a 
two-piece metal shell 


Type 138. Soft gasket filler 
completely enclosed by a 
single metal shell 


Trrz 14. Soft gasket filler 
encased by two reversed 
metal shells 


Tyre 15. Soft gasket filler 
with single metal jacket 


Tyre 16. Soft gasket filler 
with two-piece metal jacket 


Fig. 4—Some of the most popular of the various types of 
gasket designs showing the cross-sectional construction 






























working conditions, the hydrostatic end force exerted by pda 
the internal pressure upon the area bounded by the mea, garde 
diameter of the gasket. In addition, it will Maintain paint 
predetermined compression load upon the gasket which ect 
experience has proved, is ample to assure a tight jin: 
The tables in Fig. 3 list many of the commonly used gasket 
materials and contact facings, with values of m, b and yy 
that have proved satisfactory in actual service. 
Actual bolt load W, which must be at least equal top 
minimum requirements found by equations 1 and 2, js tif 
total force in pounds available when the total bolt area j 
stressed to the maximum allowable working stress at op 
erating temperature. This is found as follows: 


W.= A.S, COP CC OHSS CE SOSH OOH ODOC OORT 006 50h a eee 4) 


where A, is the total cross-sectional area of bolts at ih 
root of the thread, or section of least diameter, in squ 
inches. 

For use in the design of the flanges or contact surfacs 
the flange design bolt load W must not be less than ty #4 
average of the minimum required bolt load W,,, and tk 
actual bolt load W, or, 





Wr +W. 


w=) 







This provides a margin of safety against abuse or miso § | 
dling from such factors as overbolting. Should additin 
safety or application of the full available bolt load be &¥ 
sired, it is recommended that actual bolt load W, be ul 
as a basis for design. ; 

In order to apply these mechanical design factor 1 
best advantage, the influence of operating conditions up 
the selection of gasket materials must be investigate 
Here, primarily, the temperature and nature of the or 
fined media limit the choice of materials. From the typs 
available, illustrated in Figs. 4 and 5, three classificatios 
might be made, depending upon ability of the materia 
resist heat. Nonmetallic gaskets, and those incorporatity 
rubber or low melting-point metals, are generally limit! 
to temperatures below 250 degrees Fahr. The semimetl 
lic group composed of gaskets of asbestos, partially « 
completely jacketed with metal, may be used up to ' 
degrees Fahr. For temperatures exceeding 850 degté 
Fahr., only all-metal types should be used. 

In general there are no pressure limitations on ti 
metallic or semimetallic gaskets. Pressure failures wit 
gaskets of metal are usually due to corrosion of the gastt 
improper design, or maintenance of the closure. The ty 
perature at which various gaskets may be used is rest 
mainly by the materials and not the construction, et 
in designs subject to long-time relaxation or creep. _ 

Last, but not least, the less decisive operating conditid 
which include the operating cycle, vibration, and the! 
quency with which the joint will be opened, must be . 
amined in the light of their influence upon the effici 
of the gasket. Sudden variations in the operating o™ 
tions, or extreme variations in temperatures—insit? 
out—may require the use of an exceptionally res® 
gasket material. The number of times a closure mus 
broken in service, may call for a gasket that can be 
used many times without serious deterioration. Such # 
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; effects of operating conditions cannot be disre- 
-Xerted by BOOTY ‘- : 
the mem fparded, since they may have a decisive part in the overall 
naintaig , fpaintenance of maximum joint efficiency. The final se- 
 » * 
ction, of course, can then usually be made on a basis 
\ relative costs, availability or other similar features. 
Some of the mechanical considerations of the various 
pes illustrated in Figs. 4 and 5 are: 
Tyre 1: Although suitable for most operating condi- 
this design is generally used for low-pressure in- 
[ual to the 4S, ; 
d 2 ist ulations where the flanges are lightly bolted. In some 
olt area ;fpaterials this design is subject to severe stress corrosion 
eSs at op nd creep at high temperatures. 

Tyre 2: Generally made up with a corrugated core 
{relatively hard metal, jacketed with a soft metal. Use- 
ffl for large tongue-and-groove joints that must be fre- 
ently opened. Core helps prevent creep of jacket at 
levated temperatures. 

Tyre 3: This construction has been useful in sealing 
bw-pressure units where the flanges were particularly 
oor. Its use is limited by the composition of the impreg- 
iting compound with which the asbestos is treated. 
Types 4 ann 5: Asbestos-insert corrugated metal 
askets are in general use for low-pressure gas and steam 
vice. Particularly suitable for use with highly concen- 
ated or hot acids when made up with blue asbestos cord. 
\Bype 5 is a modification of the standard for special service 
here asbestos must not be exposed to confined fluid. 
Tyre 6: Reinforced asbestos millboard is suitable for 
ealing low-pressure gases in light flanges, such as furnace 
ections, air ducts, exhaust manifolds and cylinder heads. 
Tyres 7, 8 anp 9: Suitable for all flange conditions, 
nd because of its resilient construction, can readily be 
ated with relatively light bolting. This design is ca- 
ble of withstanding severe shock conditions and will 
mpensate for extreme expansion and contraction. It is 
ot generally recommended for hot oil service. 
Tyres 10 anp 11: So-called single-jacketed metal as- 
estos-filled gaskets are standard for handhole and most 
mall diameter closures in auxiliary pressure equipment. 
his construction is used to seal spark plugs, valve bon- 
tts, exhaust manifolds and the like. 
Tyres 12 to 17: These gaskets are perhaps the most 
pular of the metal-clad asbestos-filled types. The 
xp to SO ble-jacketed construction results in a totally enclosed 
0 degree which is used for high-pressure, high-temperature 
plications in pipe flan sels and heat ex- 
pipe flanges, pressure vesse 
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“on tee 28S. The asbestos filler imparts a degree of resilience 
ures witlt the gasket, aids in compensating for inequalities in the 
he gate" faces and to some extent, for poor flange alignment. 
The teh © Modifications shown as 18 and 14 are for special in- 


lallation i 


Type 13 is available only in very narrow 
iths where the regular Type 12 could not be made. The 
rench type construction 15 is used for valve bonnets, 
linder heads and vacuum service, where smooth un- 
Ken contact faces are required. This gasket construc- 
™ When made up with a thick soft filler, is finding ex- 
ive service in glass and glass-lined equipment in which 
Me jacket material is likely to be made from silver or plat- 
im. Types 16 and 17 are required when the gasket 
algt't be excessively wide. ' 


on, excep 
p- 3 
condi 
id. the it 
ust be ¢ 
efficien’ 
ing cond 





“a Tree 18: Inside-open metal-jacketed asbestos gaskets 
van be used particularly to seal off threaded assemblies. The 
estos will not damage the threads. When used in a 


Such # 
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Type 17. Soft gasket filler 
with three-piece metal 
jacket 


Tyre 18. Soft gasket filler 
with single metal jacket 
over part of both faces 


Type 19. Soft gasket filler 
completely enclosed by a 
corrugated metal shell 


Trrz 20. Corrugated metal 
eore reinforced by a cor- 
rugated metal shell 


Typz 21. Heavy solid metal 
with concentric grooves 


Type 22. Heavy solid metal 
with spaced concentric ribs 


TypPz 23. Heavy solid metal 
with twisted and treated 
asbestos cord cemented 
into concentric grooves 


Tyre 24. Heavy solid grooved 
metal core with single met- 
al jacket 


Trrsz 25. Heavy solid grooved 


metal core partially en- 
closed by single metal shell 


Tyrrz 26. Heavy solid metal 
with spaced concentric ribs 
installed with compressed 
asbestos composition sheet 


Tyrz 27. Two metal plates 
with spaced concentric ribs 
welded together around 

outer periphery 





Tyre 28. Solid metal with 
raised cross ribs 


Tyrrz 29. Plain solid metal 
or soft gasket material 


Tyrs 30. Solid round section 
metal or soft type gasket 
material 


Tyre $1. Toroidal cross-sec- 
tion gasket of any solid 
metal 


Typz 32. Octagonal cross- 
section gasket of any solid 
metal 





Gasket & Packing Ce. Ine. 


Fig. 5—Additional gasket designs lindicating the wide 
variety of constructions and combinations available 
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standard type closure, the internal pressure aids in main- 
taining a tight seal and jacket helps prevent blowouts. 
Not suitable for liquid service unless asbestos is treated. 
Tyres 19 anp 20: Modifications of the Type 12 gasket, 
this construction has greater resilience and less contact sur- 
face. Long used in the oil industry, this design is finding 
applications in other fields. It is not subject to over- 
stressing failures, and is less likely to creep at high tem- 
peratures than the plain corrugated metal design. Type 
20 is a similar construction designed for service above 850 
degrees Fahr., the upper limit for asbestos-filled gaskets. 
Types 21 anp 22: Profiled and serrated gaskets are 
used where a solid metal construction of reduced contact 
surface is desirable. These designs can be more easily 
seated than a plain solid gasket and are used extensively 
in high-pressure steam lines. 
Tyre 23: Additional sealing action of asbestos cord 
makes this type suitable for rough and uneven flanges. 
Types 24 anp 25: Profile gaskets partially or totally 
jacketed with metal have the advantages of reduced con- 
tact area. For corrosive service an iron core jacketed 
with a resistant metal is commonly used in chemical and 
oil industries. Generally limited to widths of 1 inch. 
Type 26: A modification of the serrated type, this 


gasket is more readily sealed and has somewhat better 





Fig. 6—Correct sequence of tightening procedure for 
bolted gasket contact surfaces 


resilience. Used in high-pressure, high-temperature steam 
lines operating under adverse conditions. 

Type 27: Designed to expand under internal pressure, 
this gasket will maintain a tight joint under the most ex- 
treme operating conditions of pressure, shock and vibra- 
tion. Automatically compensates for bolt relaxation. 

Type 28: This construction has found application in 
certain hydraulic closures. 

Tyre 29: The most common form of soft flat gaskets 
of any suitable material. Limited to low pressures and 
temperatures. Plain solid metal gaskets, although not as 











popular as they were, still are widely used for hj 
sure service, particularly in tongue-and-groove joints, 7, 
generally require more unit stress to seat than Any othe 
gasket design. 

Tyre 30: Round-section solid metal gaskets ar yf ™ 
for special applications. The flanges generally are 
with V-grooves. Excellent for high-vacuum service, 

Types 31 anp 32: Ring type joint gaskets of yij 
metal are almost universal throughout the oil industry fy 
high-pressure, high-temperature service. The octagon 
shape is slowly replacing the oval as it results in less dg | | 
age to both the gasket and flange. Can be used only; 
flanges designed for them. 

Proper provision for satisfactory installation cannot, 
over-emphasized. _The gasket should be carefully o 
tered. This usually is taken care of by a centering deyig 
or the gasket itself, but there is always some play det. 
mined by the bolt hole clearance, etc. This makes neg. 
sary accurate lining up of the edges of the contact sy. 
faces and the gasket. 








Proper sequence of bolt tightening is very importa 
A great deal of gasket leakage can be traced to impmy 
tightening of the bolts. The diagram in Fig. 6 shows te 
correct sequence to be followed regardless of flange siz, 
Amount of stress increase applied to the bolts as they # 
being tightened should be. small at the start and mis 
only when the final desired stress is almost reached. | 
less this precaution is observed, contact surfaces wil 
forced out of parallel. This may not be too serious wi 
soft, thick gaskets, but when metal types are used, evs 
slight out-of-parallelism can result in a leaking joint. 

Judicious use of a torque wrench will help a great é 
in obtaining uniformly stressed flange bolts. The » 
chanic can be given a series of torque readings anti 
structed to bring all the bolts up to each reading bei 
going to the next higher torque. In this connection, & 
torque wrench should not be used to measure the emi fj, 
bolt stress. The readings are, some believe, depenial... 2} 
upon too many variables for it to be considered 4 Sitfbating 
factory stress indicator in these applications. pore 

In the field of highly specialized applications, Wchniq 
metallic gaskets cannot be used due to lack of fal 
strength or chemical attack, synthetic rubbers are «it 
found to be excellent. Ordinary synthetic rubbers 4 
satisfactory where temperatures do not exceed 300 degt 
Fahr. Synthetic rubber and asbestos compounds mij! 
used where temperatures reach as high as 500 degt 
Fahr. Recent developments in the field of hydrocati, 
and vinyl plastics promise to furnish the designer ™ 
gasket materials ideally suited to almost any ope 
condition. Chemical resistance equivalent to that of ma 
synthetic rubbers is combined with flexibility and to 
ness over an extremely wide temperature range 2™ 
new plastics. The new synthetic rubber-like silicones 
another plastic—acrylic polymer—are proving val 
gaskets in such items as super-chargers and searchlblg 
where the extreme temperatures resulted in early ia 
with previously used materials. 

Macuine Desicn acknowledges with appreciation the ¢ 
laboration of the following companies in the preparation ®™3 
article: Armstrong Cork Co. (head illustration Fig. 1); . 
Gasket & Packing Co. Inc. (Figs. 2, 4, 5 and 6); Garlock Pf 
ing Co.; Hycar Chemical Co.; M. W. Kellogg Co. (Fig oy 
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great 0 HOUGH flame hardening had made gieat strides prior to our entry into war its scope 
The a had nevertheless been limited with respect to the degree of surface hardness that 
s aH” could be obtained on ferrous metal. It has not been possible to produce at will, un- 
ng Delt recently, any desired degree of surface hardness with the basic methods of flame hard- 


Air Reduction Sales Co. 


ction, 4 ning. 
the © Established metallurgical principles of heat-treating practice, such as heating the sur- 
Jepente ce above the critical temperature, quenching with a suitable medium, and tempering or re- 


da sat eating to the proper temperature to produce the desired degree of surface hardness, are in- 
mporated in a new process of simultaneous flame hardening and tempering. What the 
ns, Wichnique really does is to combine heating, quenching and tempering into a single, pro- 
of ffiessive operation. 
are O@ At first it would seem that the development of this method of heat treatment would be 
bets “Bivious, The radically new idea in the three-in-one operation is the fact that the tempering 
10 deBtncess is conducted at the same speed 
is may" the flame-hardening operation and 
0 degt multaneously with it. This perfonm- 
Grom wee is in direct contrast to the ac- 
gnet N"Bted and established practice of fur- 


opertiige . temperi 
it of m é- 


nd (OUP 
"y in ti 


crab Previously existing flame-hardening 


esses were limited to producing 
Mace hardnesses close to the maxi- 
im obtainable on the material under 
in the pment. Formerly, to obtain an in- 
tion of mediate or lower hardness, the fully 
1); Game-hardened surface had to be sub- 
med to a subsequent furnace draw- 
p Operation. It is here that the new 
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Fig. 1 — Above — Tank 

bogie wheel rim is ro- 

tated past hardening 

and tempering flames 

with water quenching 
jet in between 


Fig. 2—Below—Produc- 
tion machine _ simul- 
taneously hardens and 
tempers four large tank 
bogie wheel rims 






































technique deviates from the standard practice of flame 
hardening, though in principle they are analogous. 

The material under treatment is progressively heated 
by a multiflame oxyacetylene tip, followed immediately by 
a quenching stream. This stream is followed at a pre- 
determined distance by another softer oxyacetylene flame 
which heats the hardened surface to the proper drawing 
temperature. This technique permits any surface to be 
completely flame hardened in one continuous operation, 
to any desired degree of hardness: 

Among the many problems with which the Army Ord- 
nance department has had to deal is that of preventing 
the battering of rim flanges on tank bogie wheels. Army 
field tests had revealed, under simulated battle conditions, 
that the rim flanges became. dented and twisted from 
contact with stones and other obstructions. This was 
due to the fact that the flanges did not have the pro- 
tection of the hard rubber tires that are molded on the 
rims. The problem boiled down to this: How to give 
the necessary hardness to the exposed flanges and still 
retain the impact resistance desired. 

In the accompanying illustrations the simultaneous 
flame hardening and tempering process is shown in op- 





Fig. 3—Close-up of multiple machine shows drive pulleys, 
hardening and tempering flames, and quenching jet 


eration at the Cleveland Welding company on a pro- 
duction basis for heat treating the flanges on the bogie 
wheel rims. The rims are made of fine-grain modified 
SAE 1035 steel strip, rolled to the required section at 
the mill. After cutting to length and cold forming to 
circular shape, flash welding and cold sizing the diameter, 
and finally facing the sides to proper width, the rim is 
ready for flame hardening. 

Initial hardness of the rolled plate, as received from the 
mill, is 150 to 160 brinell. This is increased in the cold 
forming and sizing operation to 170 to 190 brinell. Speci- 
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fications require that both flanges of the rim be h; dens 
to between 287 and 360. 

The rims are manually mounted, Fig. 1, on aq 
pressed-air expanding chuck. This chuck is pogi, 
on a sliding table which is moved sideways into opes 
ing position by means of a hand lever. When chu) 
the rim is moved into hardening position and the tor 
are lighted. An electric motor rotates the chuck a 4 
proper speed, 8 inches per minute, to produce the % 
sired depth of hardness penetration on the rim flang. 
Standard welding torches on each side harden and temps 
both flanges in a single revolution of the wheel, 1 
water quenching jets are located a short distance behiy 
the heating flames, and a vat directly under the m 
catches the water. After one complete revolution 4 
primary flame-heating tips are extinguished, but the 1 
continues to rotate until the end point is hardened 
the quench and passes under the drawing tips. _ 















Four Rims Heat Treated at One Time 





A multiple production machine is shown in open 
in Fig. 2. On this machine the flanges on four lag 
bogie wheel rims are flame hardened and tempered sim 
taneously. These rims are of a different and larger ty: 
than those described previously. This machine sey 
consists of two shafts on which are located four sets 
driving pulleys which support and rotate the rims tol 
hardened. The shafts are connected by a chain wl 
driven by an electric motor. Rims to be flame hardew 
are mounted on the flanged pulleys and driven at t¥ 
proper speed past the flames. Guide rollers above bil 
the rims in alignment and prevent wobbling. 

The heating and tempering tips are of special deig, 
as shown in Fig. 3, with one set on each side direc 
at the flanges. The quenching jet is positioned betwe 
the flames. 


Changes Effected Without Delaying Production 


Whenever changes in material or hardness speci 
tions are made, corresponding changes in gas open 
pressure and rotational speed are decided on and! 
desired results obtained on a few rims, after which 
operation proceeds in production under the new ci 
tions. Such changes in operation may be effected i 
short time without holding up production. 

The new process is susceptible to accurate contrdl, 
offers wide flexibility. .Any desired depth and dege! 
hardness can be predetermined, after the initial hardet 
speed and gas pressure are set. Uniformly hardened 5 
may be produced on a production basis to close spe™ 
tions. 

In the heat-treating field generally, the simulta 
process holds considerable promise. It is parti 
plicable in treating parts which require both hardnes 
impact resistance. This combination of physical @ 
acteristics is needed on parts such as, for example, 0”! 
ing mill table rails and crane rails. Where high 0 
of hardness are needed, such as on cams, gear teeth, e 
ings, etc., the standard flame-hardening process wil 
tinue to be used. 
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< . HOSE readers of MACHINE DESIGN interested in national 

dened hy meetings of engineering societies probably will have missed the 

ce announcements of meetings ordinarily published each month in 
this journal. The ‘“‘Calendar"’ was discontinued in February, at the 
time of going to press with that issue, because of the rapidity with 


which national meetings were then being canceled in compliance with 


Operation 

bees J the request of the government. 

red sin 

a Necessary as are the restrictions placed on the holding of meetings 
ine se at this time due to the overtaxing of transportation and hotel facilities, 
ur sets it is to be regretted that their cancelation eliminates the free inter- 
ims to change of ideas among technical men on the national scale encom- 
chain af F : , ‘ t 

rk passed by engineering society gatherings. That such meetings have 
ott in the past rendered valuable aid in the war program is evidenced by 


bove hol the fact that many of the major societies have been accorded special 
recognition by Army, Navy and Ordnance authorities for their con- 
tributions to the war effort. 


ial desig 
e direct 
1 betes To bridge the gap that will exist until restrictions can logically be 
removed, local engineering societies established in most of the larger 
industrial centers—working preferably in collaboration with the local 
sections of the national engineering societies—should be encouraged 


to sponsor meetings of such caliber that they would rate as fitting 


yction 


SD Aci 


onerailg 


and 6 substitutes for the national meetings. Most, if not all, of the major 
which national societies have local chapters that are sufficiently established 
“0 and well organized to be effective in such a program. 
‘ 
" Meetings of this nature already are being held or scheduled to a 
ontrd, limited extent. Now the opportunity presents itself for local engineer- 
degre ing organizations to put aside their differences and cooperate as never 
me before to meet the current need. Such collaboration, though imposed 
> speci by wartime conditions, might well serve to consolidate the efforts of 
the engineering profession as a whole in the present crisis, as well 

= as in the years beyond. ’ 
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Shell Centering and Cutoff Machine 





To permit the handling of 130-pound shell forgings by inexperienced 
female help, this machine, developed by The Cross Co., combines an automatic 
operating cycle with easy loading facilities. Basically it consists of a one- 
piece, box-type bed on’ “which are mounted the headstock, loading slide and 
cutoff tool slide. 

Carried on the-headstock is an SAE 1045 forged steel spindle mounted 
on hardened, tapered-roller bearings that permit take-up or adjustment. The 
spindle is driven by- worm gearing which is powered by a V-belt drive off 
the motor. All moving parts have forced-feed lubrication utilizing a vané-type 
pump. The spindle: mounts an expanding mandrel which grips the shell 
forging from the: insidé after loading. 

Mounted on the loading slide is the housing containing the center drill 
quill. It has hydraulic horizontal feed and traverse. Loading is accomplished 
by rolling the shell from.a conveyor onto the loading slide elevator rails which 
hydraulically center the shell in relation to the center of the mandrel. The 
hydraulically actuated slide then moves horizontally on one flat and one 
V-way toward the headstock, placing the shell around the arbor. Endwise 
location of the shell is effected by means of a stop button on the mandrel nose. 
Hydraulic pusher plates carried on the drill housing exert endwise pressure 
until the mandrel expands to grip the shell. Pressure then releases and*the * 
slide continues forward to a predetermined stop which controls the depth of 
the center drill. 

















50-KW Electronic Heater 


For ease of installation and handling, and for flexibility in adapting it 
to different types of operation, this new General Electric heater is built in 
two cubicles of 1/8-inch reinforced sheet steel, the two being bolted together 
as a unit when installed. 

Each of the two heater units utilizes a timer to control heating and quench 
time. Each is equipped also with a motor-driven spindle for rotation of the 
part during heating, if required, and an electrically operated valve to actuate 
a hydraulic lifting device which facilitates handling of such parts as gears 
into and out of the inductor coil heating position. 

One-half of the steel-enclosed equipment includes a floor-mounted, air- 
cooled, three-phase transformer which steps up voltage to a bank of six rectifier 
tubes. Also included are the necessary control and accessory items such 
as Incoming line contactor, transformer tap-changing switch, filament trans- 
formers, overload relays, and thyrite discharge resistors—all arranged so 
‘that they are readily accessible for inspection or servicing. 

Included in the other half of the heater are a single, large watercooled 
oscillator tube, a water-flow switch, and a bank of watercooled parallel plate- 
type capacitors, specially developed for this type of equipment. 

















Daylight Photocopy. Machine 


Used for photocopying anything that-is written, printed or drawn, these 
machines, manufactured by The Haloid Co., perform all functions of the 
complete procéss including exposure, developing, fixing, washing and drying. 
The photocopying machine proper is shown at the right. Unit at the itt is 
an automatic washer and dryer. 

Mercury-vapor lights, blue-green in color and highly actinic, are uni to 
illuminate the object being copied. In the photocopying machine, the mechan- 
ism for removing prints from the developing tank is operated by a solenoid. 
A covered, spiral-coil developer tank is employed which exposes a minimiim 
surface area of solution to the air. _Thus, oxidation and evaporation are mini- 
mized. As prints pass into the fixing tray, surplus developer is removed by 
squeegee rollers. 

The washing and drying unit utilizes spray pipes, and a siphon auto- 
matically changes the water. A squeegee board is provided for removing ™ 
excess water from the prints. The double-belt dryer has positive automatic 
control for both belts. Both machines have all-metal, spot-welded body con- 
struction to insure high strength and rigidity. Stainless steel and other corrosion- 
resistant materials are used for all parts that come into contact with the chemical 
solutions. Black baking enamel undercoat with black wrinkle finish is used 

on the housings of the two machines. 


























Cylinder Head Fin Miller 


With a complete automatic cycle after loading, this machine, designed 
and manufactured by Sundstrand Machine Tool Co., combines electronic 
and hydraulic controls. An outstanding feature is the arrangement for con- 
trolling the cutter load. The path followed by the cutter is irregular and 
. constantly changing in both shape and depth for each successive fin. With 
the automatic electronic feed control provided, the fragile cutter is kept loaded 
to full capacity. If the cut becomes light, the feed rate increases and if the 
cut becomes heavy, rate of feed decreases. 

To obtain this variable feed rate the machine is equipped with a 1750/175- 
revolutions per’ minute, electronically controlled, adjustable-speed motor 
for feed drive in place of the conventional constant-speed motor. The spindle- 
_ drive motor is of the squirrel-cage induction type and the power required 
by it is the medium controlled. Since the power of a squirrel-cage induction 
motor operated between 75 and 125 per cent of its rating is for practical pur- 
poses a direct function of a line current drawn by the motor, a current trans- 
former can be used in one of the lines to effect control. Output of the trans- 
former is rectified and amplified, and then fed into the control circuit of the 
standard electronic control panel. 


(New machines listed on Page 198) 
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EAR-RESISTANT disks of 

par, a vinyl resin derivative, 
used as shown at left on Wolf pg 
folding machines to hold down the pay 
between the feed roller and the ; 


Resists Abrasive a 


mechanism. Abrasive action due to 

15-degree angle of inclination to the 

rection of motion resembles that on 

automobile tire when the wheels are 

of alignment. In this service the Co 

par disks outlast rubber disks 12 to 
times, avoiding frequent periodic sto 
| pages for replacement purposes. 





Forming Quality, Surface Condition 
Facilitate Production 





ALVE rocker arm cover shown at right is stamped from Armco cold- 

rolled Paintgrip, the forming qualities of which permit the four- 
inch draw. The light coating of electrolytic zinc makes it unnecessary 
to paint the inside, and the mill-bonderized surface allows the ex- 
terior to be painted immediately without pretreatment of any kind. 


Steering the Victory Ships 


YDRAULICS operates the Victory ship steering gear, which 

is capable of moving the rudder from hard-over to hard-over (70 
degrees) in 30 seconds while “ 
the vessel is traveling at 
17.78 knots. Shown at right, 
the Baldwin-built gear is of 
the Rapson slide electrohy- 
draulic double-ram type. 
Either of two variable-dis- 
placement motor-driven 
pumps delivers hydraulic 
power to actuate the rams. 
Steering is controlled from 
the wheelhouse by a hy- 
draulic telemotor system 
which changes the pump 
stroke to give the required 
delivery. 
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Selecting Materials for 


Corrosion Resistance 


By L. G. Vande Bogart 


Research Engineer 
Crane Co. 


URING a period which has been characterized by an unprecedented de- 
mand for metallurgical products, corrosion has done much to aggravate an 
already critical situation. Because corrosion appears after equipment has 

consumed precious manufacturing and transportation facilities, arrived at point of 
usage and been placed in service, it is responsible not only for loss of material but 
can be and has been responsible for loss of time and lives. 


The information presented on the following pages of this Data Sheet is a re- 
vision of recommendations which appeared in a recent Crane publication. As a 
result of the accumulation of additional field data, and with the cooperation of 
others, it is now possible to include recommendations for a large number of ma- 
terial-Huid combinations not covered in the original charts. 


Further, the charts enable prospective users to compare the corrosion resist- 
ance of several materials in the same environment in order to determine which 
could best be used. As a result of current shortages of important alloying ele- 
ments and of a multitude of manufacturing problems it is not always possible today 
to obtain the best material for a specific application. Frequently it becomes neces- 
sary to select a material on the basis of availability rather than desirability; the 
charts, therefore, enable engineers to compare an available material with some 
other material which is known to be better but which is not available. 

There already is evidence that lack of familiarity with the accumulated ex- 
perience of equipment manufacturers and other users has been responsible for 
some failures and for the resulting need for costly, time-consuming replacements 
and maintenance. 

Although the charts were developed primarily as a guide in the selection of 
piping material in general and of valve and fitting material in particular, they can 
be applied to other equipment as well. When one considers that in plants where 
pumps and other specialized types of equipment are numbered in hundreds, the 
valves are numbered in thousands or tens of thousands and the length of piping 
is measured in miles, it at once becomes apparent that equipment of this sort will 
be exposed to an extremely wide variation of conditions. Experience gained in 
such service therefore can be a valuable aid to designers of all types of machines 


and equipment. 
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21.00 


Synthetic Rubbers 


Five basic types of synthetic rubber serve in this country’s war program and undoubtedly 
will offer much in postwar design. They are: Buna-S, Buna-N, Neoprene“, Butyl and Thiokol*. 
Hundreds of compounds are produced of each of these basic types, each compound being de- 
veloped to meet specific engineering requirements. For the sake of clarity and brevity, com- 
parative properties must be confined at the present to indicative terms rather than definite figures. 

To aid further in the selection of synthetic rubbers, charts and data abstracted from tenta- 
tive specifications of the American Society for Testing Materials (ASTM No. D735-43T)are given. 


*Tradename 








AVAILABLE IN: 


The crude synthetic rubbers are available as latex or in sheets (see 


table of Comparative Properties). 


Generally, synthetic rubbers can 


be obtained in standard forms such as tubes, sheets, moldings, rub- 
berized fabrics, cements and adhesives, sponge materials, etc. 











| ZINC CHLORIDE 


| ZIMmc SULFATE 


Breakdown 


Vulcanizability ........ 
General Processability 





Impermeability to Gases 
Impermeability to Water 


@ @ @ @_ Ge @& 






Resistance to: 


ee 


® - 


MAGHINE 
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Building Tack and Cohesion 


Resistance to: Plastic Flow 


1945 


COMPARATIVE PROPERTIES® 


Properties Important in Processing 


Buna N 
Types 
Latex 
and 
Solid 
Fair 
High— 
Medium 
Fair 
Very Good 
Fair 


Good 
Fair—Good 
Good 

Fair 

Good 
Fair—Good 
Good 


Good—V.G. 


Fair—Good 
Fair—V.G. 
Fair—Good 
Good 

Fair 

Low 
Excellent 


Natural Buna S 
Rubber Type 
Latex Latex 
and and 
Solid Solid 
' Very Good Good 
High—Low High—Low 
Excellent Fair 
Very Good Very Good 
Very Good Good 
Properties Important in Application 
Excellent Good 
Excellent Good 
Excellent Fair—Good 
Excellent Excellent 
Good Good 
Good—V.G. Fair—Good 
Very Good Good 
Very Good Good—V.G. 
Very Good Fair—Good 
Good Fair—V.G. 
Very Good Very Good 
Fair Good 
Inadequate Inadequate 
Fair Fair 
Low Low 
Inadequate Inadequate 


Fair 


Neoprene 
Types 
Latex 
and 
Solid 


Good—V.G. 


High—Low 


Very Good 
Very Good 
Good 


Excellent 
Very Good 
Very Good 
Fair 

Very Good 
Fair—Good 
Good 

Very Good 
Good 

Very Good 
Fair—V.G. 
Excellent 
Excellent 
Excellent 
Good 


Low 


Butyl 
Type 
Solid 


Form 


None 
Medium 


Good 
Fair—Good 
Fair 


Excellent 
Low 

Good 
Excellent 
Excellent 
Very Good 
Fair—Good 
Fair 
Fair—V.G. 
Fair 

Good 
Excellent 
Excellent 
Excellent 
Low 
Inadequate 








Thiokol . 
Polysulfide 
Types 
Dispersion, 
Solid & 
Powder 

Slow: 
High—Low 


Fair—Good 
Fair 
Fair 


Good 

Good 

Fair 

Fair 
Excellent 
Very Good 
Low 

Low 
Fair—Good 
Low 
Fair—Good 
Excellent 
Excellent 
Excellent 
Excellent 
Excellent 


: This chart is not intended to be used for the specification of materials. It gives only general indications of the inherent qualities of 
types listed. Fimal specifications for individual applications should be worked out in conjunction with a producer of synthetic rubbers. 
iFrom The Fioe Commercial Types of Synthetic Rubber, published by United States Rubber Co. 
Co.: NE Desicn is pleased to acknowledge the collaborati 
Thiyit,Firestone Tire & Rubber Co.; The B. F. Goodrich Co.; 
‘kol Corp.; United States Rubber Co. 


on of the following companies in this presentation: E. I. DuPont DeNemours & 
The Goodyear Tire & Rubber Co.; Hycar Chemical Co.; Stanco Distributors Inc.; 
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USE OF TABLES |, Il, Ill AND IV 


These tables list the specifications pertaining to synthetic 
rubbers set up jointly by committees of the Society of Au- 
tomotive Engineers and the American Society for Testing 
Materials in 1943. The specifications cover compounds 
designated by the prefix letters R and S$. Compounds carry- 
ing the prefix R are for services where no resistance to oil is 
required. Those carrying the prefix S are for services where 
resistance to the action of petroleum-base oils or other or- 
ganic fluids is required. 


CiassEs: Type R compounds are divided inio two classes; 
RN and RS. Ciass RN will not be dealt with here inasmuch 
as it pertains only to compounds of natural rubber. Class 
RS compounds (see TaBie I) contain synthetic rubber or 
rubber-like materials to the extent of 50 per cent or more by 
volume of the total elastomer content. 

Type S compounds, made of synthetic rubber or rubber- 
like materials, are divided into three classes designated by 





SS 


SuF! 
after a 
beyon¢ 
the ap 

Grapes: Each class of compound has a number of differ.§ listing, 
ent grades, each having different physical properties, Grajq 
are designated by numbers following the prefix letters aj 
when necessary by suffix letters after the grade numb, 
Grade numbers consist of three digits the first indicating the 
durometer hardness range; for example, 3 for 30 plus 
minus 5, 4 for 40 plus or minus 5, etc. The next two digi 
indicate the minimum tensile strength; for example, 09 fy 
900 pounds per square inch, 15 for 1500 pounds per squ 
inch, etc. 


cates compounds having maximum oil resistance, Clag 9 
applies to compounds of good oil resistance, and Clas x | 
applies to compounds which offer what is termed mediy, 
oil resistance. 













having the same tensile strength require different ultingpof 60 
elongations. They are single digits preceded by a hyphapstengt 
and are appended to the grade numbers, indicating the »§!w-te 
quired minimum elongations; for example, —4 for 400 
























the letters A, B and C added to the S prefix. Class SA indi- cent, —7 for 700 per cent, etc. TABLE 
TABLE | 
Physical Requirements of Rubber Compounds 
Type R, Class RS (Non-oil Resistant) 
ic R tt: Requirements Added by Suffix Letters 
setae Suffix A Sufix} 
Oven Aged 70 Hrs. 
—_——at 158 F 
Change in Change in OB Grad 
Durometer Tensile Ultimate Tensile Ultimate Compresial’ Numb 
Grade Hardness Ss Elongation Strength Elongation Set SA-3¢ 
Number Number (min psi) (min %) (max %) (max %) (max) B Si-4¢ 
SA-5C 
SA thos Re Sane” eae ee 80+5 HAP Ck eo 5 
eg we ese ea 80+ 5 700 300 —25 —25 50 oe 
ST oi. sos ce chia d . virekiden. 30+5 ano 300 —25 —25 Ce ie, 
I ait. <7 ace dukwlenes. rene 30 + 5 900 500 —25 —25 ce ee 
GD go fa ee a a els 30+5 1500 600 —25 —25 Ce ty 
RE Fa oa ints RE eg PRE gly al A clare 80+5 2000 500 —-25 —25 50 
ES NII Ne SA ie Rar 80+5 2000 700 —25 —25 50 
NS 522. iota a cic ded SNe oreccohovees 40+5 cece esis rene soe : ing ove 
REGS Saleen one 40+5 200 150 —25 —25 2 
A arest Se eeeeennl i antbene hee 40+5 500 800 —25 —25 30 
I FE ke «ac AO va wie oe 40+5 500 700 —25 —25 30 
eae Ee Seer meee 40+5 900 400 —25 —25 30 
RL SRR Dre teams 40+5 1500 500 —25 —25 
IN © dos. fis, eR BT sce Bodice 40+5 1500 700 —25 —25 5 
SG SRR CS at 1 a. 40+5 2000 700 —25 —25 Pi 
MT OMAR ip cis ee a iw 40+5 2500 600 —25 —25 
%5 
Nae Me, 2 at eS 3 a a 50+5 eee ree 5 aaa res 
GI Mane: Se Sa, FR 50+5 300 125 —25 —25 . 
Eee RIN ie D/C 50+5 600 800 —25 —25 50 Pe 
SE Ri AAPA Sy i > ae te 502+5 900 800 —25 —25 3 
EINES, ee, eS ee 50+ 5 900 500 —-25 —25 0 
a eaneiite 4,00 Serna 50+5 1500 400 —25 —25 . 
eR Oi eet ae aaa 50+5 1500 600 —25 —25 5 
is 8 cry tage Heed dai ce. Lala 50+5 1800 400 —25 —25 Py 
EL cits t vigil Ge Caries Hee o Ses 50+5 2000 600 —25 —25 
95 
se li oh ak. 60+5 ae : oii 
Rso0s BA land Oe oe oaks ad 60 +5 400 100 —25 —25 5 
cle o-oo Niodbgagiany pre oo sls’ 60+5 600 800 —25 —25 50 
sn ad. etek eee Cian, Se ads 60+5 900 800 —25 —25 50 
RE? SR Ss. AES, way oe 60 +5 1200 500 —25 —25 3 
RR EE SR Pe Rr ees Lee 60+5 1500 850 —25 —25 50 
RS620 Serer i A. I NT 60+5 2000 600 —25 —25 30 
SN 3 OPEL... bc Bia os. 6 CARER os 60+5 2500 450 —25 —25 
95 
a Sa A doe | oa 70+5 a =? aca 
AS708 Cli ene BOR aOR “epigs 70+5 300 100 “95 95 H 
i er aR REN ial AR ete 70+5 400 150 -— —25 
ts Dos 66 co IO 0 igh 70+5 600 200 —25 —25 50 
COLL SOL EE 70+5 900 250 —25 —25 0 
ES a AIR Sa 70+5 900 400 —95 —25 0 
NEE ee cea ae 70+5 1500 800 —25 —25 50 
te cs aan ed oe 70+5 1500 500 —25 —25 0 
BOLD, , een od oc Ccw 70+5 2000 350 —25 —25 0 
ana ei amie adie alias ania ae 70+5 2500 300 —25 —25 
ES es en re 80+5 400 50 —25 —25 
te er and - oes 80 +5 600 150 —25 —25 H 
Sh ac a Re 80+5 900 200 —25 —25 30 
ee ee ee 80 +5 1200 250 —25 —25 Hs 
eee ro rate me oe es 80 +5 2000 200 —25 —25 30 
ae POO ENG Re Sele See Rae cave! 80+5 2500 300 —25 —25 
taatth xn dba: \atele .invaraed.. 90+5 700 75 —25 —25 
es 53 Vg SOULE 6 90 +5 —25 
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, Class $38 Surrix Letrers: May be added singly or in combination 
ifter any grade number to indicate additional requirements 
yeyond those specified in the tables. The significance of 
the approved suffix letters is as indicated in the following 
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listing: 





a hyphes strength of 2500 pounds per square inch. It must pass the 
low-temperature brittleness test at —40 degrees Fahr. and 
conform to the other basic requirements prescribed in 


eters 
SuffixB 


SR es | 





TABLE III. 


mika) «2 


aa a 


Oven aging test required 

Compression set test required 

Weather resistance required 

Load deflection test required 

Oil aging test required 

Flexible at —40 F. (S.A.E.-A.S.T.M. Test) 





















CHARACTERISTICS 


Buna S Types: Co-polymers of butadiene, C,H, and sty- 
rene, C,H,(C,H,). Selected for the major part of the gov- 
ernment’s synthetic program. Of all synthetics, they are the 
most similar to rubber in processing and performance char- 
acteristics. Can be vulcanized with sulphur and rubber ac- 
celerators and cured to hard rubber. Resistance to deteriora- 
tion in air both at room temperature and elevated tempera- 
tures is considerably better than natural rubber. In most ap- 
plications may be used to replace rubber. To bring out best 
physical properties, buna S must be compounded with a 
black pigment, properties of the pure gum stock being in- 
ferior. Buna S is known also as GR-S (Government 
Rubber S). 

Buna N Types: These are co-polymers of butadiene and 
acrylonitrile. The N in the name refers to the nitrile radical. 
Buna N’s offer excellent resistance to oil. Similar to rubber 
in that they are vulcanized with sulphur and rubber accelera- 
tors and may be cured to hard rubber. However, they 


TABLE Il 
Physical Requirements of Synthetic Rubber Compounds 
Type S, Class SA (Maximum Oil Resistance) 








pe 


**Required for referee purposes only. 
{Requirement additional to the basic requirements. It is specified by adding the suffix E to the grade number. Suffixes A and B, indicat- 
en aging and compression set respectively, are omitted for ClassSA compounds because these materials may be thermoplastic. 
















Basic Requir ts Suffix E+ 
Oil Aged Oil Aged 
70 Hrs. at 158 F 70 Hrs. at 158 F 
in ge in 
ASTM Tensile Ultimate % Change Tensile Durometer 
Hardness Strength Elongation in Volume Stren Hardness 
Number®® (min psi) (min %) (limits) (max %) (limits) 
150 + 20 200 500 —15to +5 —20 —5 to +10 
105 +15 300 500 —5 to +3 —20 —5to+ 5 
75+10 600 500 —3 to +3 —20 —5 to 0 
55+ 8 700 400 —3to +3 —20 —5 to 0 
40+ 7 600 400 —3 to +3 —20 —5 to 0 
“a= 7 900 $00 —3to +3 —20 —5 to0 
es 7 900 200 —3 to +3 —20 —5 to 0 
sot 7 1000 100 —3 to +3 —20 —5 to0 


TABLE Ill 


Physical Requirements of Synthetic Rubber Compounds 
Type S, Class SB (Good Oil Resistance) 
Requirements Added by Suis Lette’ 








SSSSSSSER SSSSSSSSER SSSSSESSSER SSESESE 


SSSSsSs SSSSSESESSSER 


Duro- 
meter 
Hdns. 
Number 
80+5 


a 
—) 

+ 
a 


SSSSSSSSSSSSSSSSSSsssussss 
TALL LALA La A aaa 
DUAL OLOTOT OL OLOLOT OLON CLOT OL OTONOLOLOLOLOT ON CLO OTC 
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Basic Requir 


ASTM 

Hdns. 

No.** 
150 + 20 
150 + 20 
105+15 
105 +15 
105 +15 
105+ 15 
75+10 
75+10 
75+10 
5+10 


BESSSSSSsaraaea 
TELE LEE EE A+ LE Ht Dt + +E tt It I 


AVATNT D911 5149-1-1-151 0000000000 


i bo 
© G9 00 


**Required for referee purposes only. 











Suffix E ix Suffix B 
t: Oil Aged Oven Aged Compression 
= ety 70 Hrs. at 212 F —70 Hrs. at 212 F. , Set . 
. at e Change Change Change max % 
Tensile  Ulti- % Change in in ” in in in 22 70 
Strength mate in Tensile Duro. Tensile Ult. Duro. Hrs. Hrs. 
(min Elong. Volume Strength Hdns. Strength Elong. Hdns. at at 
psi) (min %) (limits) (max %) (limits) (max %) (max%) (limits) 158F 212F 
500 400 —Il15to+25 —20 —10 to +20 —20 —50 0 to +20 50 
900 500 —15to +25 —20 —10 to +20 —20 —50 0 to +20 50 ; 
‘ hs —15 to +25 res —10to +15 is ; Oto +15 mn 70 
500 400 —Il15to +25 —20 —10 to +20 —20 —50 0 to +20 45 ; 
1000 500 —l15to +25 —20 —10 to +20 —20 —50 0 to +20 45 
1500 500 —Il15to+25 —20 —10to +15 —20 —50 Oto +15 45 
et —5 to +25 5 a —10 to +10 ; pe 0to +10 ‘ 65 
800 400 —5 to +25 —20 —l10to +15 —20 —50 Oto +15 40 + 
1500 500 —5 to +25 —20 —10to +15 —20 —50 Oto +15 40 
2000 500 —5 to +25 —20 —-10 to +10 —20 —50 0 to +10 40 
a sel —5 to +25 hig to —10 to +10 2 . 0to +10 ; 65 
800 300 —5 to +25 —20 —10 to +10 —20 —60 Oto +15 85 ~ 
1200 300 —5 to +25 —20 —10to +10 —20 —60 Oto +15 85 
1700 400 —5 to +25 —20 —10to +10 —20 —60 0 to +10 85 
2500 500 —5 to +25 —20 —10to +10 —20 —60 0 to +10 35 
me ; —5 to +25 a —10to +10 nF : 0 to +10 ; 65 
1000 800 —5 to +25 —20 —10to +10 —20 —60 0 to +10 80 ; 
1500 800 —5 to +25 —20 —10 to +10 —20 —60 0 to +10 80 
2000 300 —5 to +25 —20 —10 to +10 —20 —60 0 to +10 30 
2500 800 —5 to +25 —20 —10to +10 —20 —60 0 to +10 80 
3000 400 —5 to +25 —20 —10 to +10 —20 —60 0 to +10 30 
ie —5 to +25 5 5 —10 to +5 hee — 0 to +10 65 
400 100 —5 to +25 —20 —10to +10 —20 —60 0 to +10 80 
1000 150 —5 to +25 —20 —10 to +10 —20 —60 0 to +10 30 
1500 150 —5 to +25 —20 —10to +10 —20 —60 0 to +10 830 
2000 150 —5 to +25 —20 —10to +5 —20 —60 0 to +10 80 
200 50 —5 to +25 —20 —10 to +5 —20 —60 0 to +5 40 
1000 100 —5 to +25 —20 —10to +5 —20 —60 Oto +5 30 
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differ from rubber in other processing characteristics and in 
some operations are more difficult to handle. Buna N’s have 
good “breakaway” properties when in contact with metals. 
In other words when used, for example, for seals on a hy- 
draulic piston, there is little tendency for the rubber to stick 
to the metal cylinder. 


NEOPRENE Types: Polymers of chloroprene, C,H,Cl. Were 
our first commercially successful synthetic rubbers. Good 
general-purpose rubbers, they offer good resistance to chem- 
icals and oils, and excellent resistance to heat, air and light. 
In fact they have better light resistance than any other 
rubber. Another important quality is their excellent flame 
resistance. For this reason they are used as an outer sheath 
for electrical insulation even though the electrical proper- 
ties are lower than those of natural rubber. Neoprene type 
GN carries government designation GR-M. 


Buty. Types: Co-polymers of isobutylene, C,H,, and 
small amounts of other unsaturated hydrocarbons such as 
butadiene, C,H,, or isoprene, C,H,. They have processing 
characteristics comparable to natural rubber but require a 
longer curing time. Cannot be vulcanized to hard rubber. 
General resistance to deterioration is good, resistance to 
caygen and acid very good, but physical properties are lower 
than those of natural rubber. Offer excellent impermeability 
to gases and partly because of this they are resistant to 
mustard gas and are one of the few materials resistant to 
Lewisite. Used advantageously in applications where re- 
sistance to. chemicals and oxidation are more important 
factors than properties such as tensile strength and resistance 
to cold flow. Government designation is GR-1. 


TmroKoL PotysuLFwE Types: Types A, FA, and ST are 
made from dihalogenated organic compounds and inorganic 
polysulfide or combinations and modifications of these. In 
general, these synthetic rubbers show low swell and excellent 
resistance to deterioration in oils, greases, solvents and 


TABLE IV 
Physical Requirements of Synthetic Rubber Compounds 
Type S, Class SC (Medium Oil Resistance) 








Basic Requir t 
Oil Aged 70 
Tensile Ul "oie 4 
ensile ti- lo e 
meter ASTM Strength mate in 
Grade Hdns. Hdns. (min Elong. Volume 
Number Num*er No.**# psi) (min %) (limits) 
SC-805...... 80+5 150 + 20 500 500 100 to 150 
$C-310...... 80+5 150 + 20 1000 500 100 to 150 
SG-s15...... 80+5 150 + 20 1500 500 100 to 150 
Siaee...... 380'+ 5 150 + 20 2000 500 100 to 150 
SS, eee 40+5 105+15 “jae ois 90 to 140 
SC-405...... 40+5 105+15 500 500 90 to 140 
sC-415...... 40+5 105 +15 1500 500 90 to 140 
SC-420...... 40+5 105 + 15 2000 500 90 to 140 
SC-495...... 40+5 105 +15 2500 500 90 to 140 
C-500...... 50+5 75+10 sige Nei 80 to 130 
Sao ...... 50+5 75 +10 700 800 80 to 180 
SC-512...... 50+5 75+10 1200 300 80 to 180 
SC-520...... 50+ 5 75 +10 2000 00 80 to 180 
SC-525...... 50+5 75+10 2500 400 80 to 130 
SC-SS80@...... 50+5 75+10 8000 500 80 to 130 
SC-600...... 60+5 55+8 pees sth i 70 to 120 
SC-608...... 60+5 55+8 800 800 70 to 120 
Seas... .. 60 +5 55+8 1400 300 70 to 120 
SC-620...... 60+5 55+8 2000 800 70 to 120 
CS eee 60+5 55+8 2500 800 70 to 120 
SC-680...... 60+5 55+8 8000 400 70 to 120 
SC-700...... 70+5 40+7 eS 60 to 110 
SC-707...... 70+5 40+7 700 200 60 to 110 
Oy a 70+5 40+7 1700 200 60 to 110 
ae 70+5 40+7 2500 800 60 to 110 
$C-800...... 80 +5 28 +7 ae 50 to 100 
SC-308..... 80+5 28+7 400 1 50 to 100 
SC-808...... 80+5 38:7 800 100 50 to 100 
oo 80+5 28+7 1500 100 50 to 100 
SC-0038'.. .... 90+5 18+7 200 50 40 to 
SC-610;..... 90+5 18 +7 1000 100 40to 90 


**Required for referee purposes only. 
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lacquer thinners. They have better resistance to arom, 5Y 
hydrocarbons and aromatic blended gasolines than natun today 
rubber or other synthetic rubbers. They also show »§*tV° 
cellent resistance to ozone, sun light and natural aging, Th Advat 
tensile strengths, while not as high as natural rubber, gp ims 
adequate for many mechanical rubber goods compo and 

Stocks that show good resilience, elongation, low-tempen,§™ 
ture fiexibility, abrasion resistance and resistance to qf 1 
flow are readily obtainable. Thiokol synthetic rubbers af ™° 
used to advantage in applications where low swell, gig ato" 
solvent resistance, and good aging characteristics are desire) 5*¢ 


Government designation is GR-P. .  Flining: 
resistii 


APPLICATIONS wil 


effecti 
lacque 





Buna S Types: Having excellent electrical proper 
they are used widely for electric cable insulation. Good fg 
seals and gaskets for water pumps, but not for oil equip 
ment. 

Buna N Types: Oil and gasoline hose, tank lining, 
packings, gaskets, printers’ blankets, rubber-covered ml Acetor 
valve inserts. molded dust seals, diaphragms for hydra 
gear shifts, bushing seals, piston seals, bullet-sealing hoy 
hydraulic lines, hydraulic system boots, hydraulic pack 
seals, stoker bellows, motor cushion rings, oil-resisting tire 
vibration dampeners and special molded shapes to spe 
fications. 

NeoprENE Types: Oil-resistant hose, belting, gaskely 
sheet goods, tubes, tape, fabrics, latex tank-crash padding 
fuel cells, cements, sheet packing, printing rollers, terth 
rolls, solid truck tires, airplane tires, electric cable cove 
ing, airplane wing and hull caulking, vibration dampen 
diaphragms, coatings for metal tanks, pipe linings, a 
numerous special shapes which can be molded to speci: 
cations. 


































Aleoh« 
E 
A 
B 
Alkalie 
Anima 
Benzer 
Butyl 
Butane 
Carbo 
Carbor 
Chloro 
Cotton 
Cresol 
Dibuty 
Diethy 
Diocty 
Ethyl | 
Ethyle: 





Requirements Added by Suffix Letters 











Suffix E Suffix A Suffix B 
Oil Aged Oven Aged press Furfur, 
70 Hrs, at 212 F —70 Hrs. at 212 F Casolir 
Change Change Change Change Change cI 
in in in in in ceri 
Tensile Duro. Tensile _UIt. Duro. Hn. I y 
Strength Hdns. Strength Elong. Hdns. at ot Heptar 
(max %) (limits) (max %) (max %) (limits) 158F Ronen 
—85 —30 to —10 —is —40 Oto+15 70 
—85 —830 to —10 —15 —40 Oto+15 70 Kerose: 
—85 —30 to —10 —15 —40 Oto+15 70 Mine 
—85 —30 to —10 —15 —40 Oto+15 70 .pinera 
eee —85 to —15 = Pe 0 to +15 6 Naphth 
—80 —35 te —15 —15 —40 0 to +15 s hy 
—80 —85 to —15 —15 —40 Oto +15 es Nitro ] 
—8s0 —$5 to —15 15 —40 Oto +15 S 
—8s0 —35 to —15 —i5 —40 0 to +15 
a9 —40 to —20 nei es 0 to +15 a 
—70 —40 to —20 —15 —40 0 to +15 . 
—70 —40 to —20 —I15 —40 0 to +15 ’ 
—70 —40 to —20 aS —40 0 to +15 S 
—40 —40 to —20 —15 —40 Oto +15 ° 
70 —40 to —20 —15 —40 0 to +15 
eh —50 to —20 uate (ae 0 to +10 55 
«ni —50 to —20 a—% —40 0 to +15 5 
—60 —50 to —20 —15 a 0 to +10 3 
—60 —50 to —20 — i —40 0 to +10 s 
—60 —50 to —20 15 —40 0 to +10 3 
—60 —50 to —20 15 —40 0 to +10 
es —50 to —25 ah Be 5 0 to +10 a 
—60 —50 to —25 — AS —40 0 to +10 a 
—60 —50 to —-25 AS —40 0 to +10 e 
—60 —50 to —25 wh 5 —40 0 to +10 A- 
—40 —50 to —30 ae Sa Oto +10 50 B. 
—40 —50 to —30 ome TY —40 0 to +10 5 
—40 —50 to —30 ee —40 0 to +10 PH C. 
—40 —-50 to —30 —15 —40 Oto +10 50 
—30 -—50to—30 —15 -—40 Oto+10 % tE 
—80 —50 to —30 «18 40 0 to +10 N 
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Bury. Types: Most of this synthetic rubber is used 








today for the production of Ordnance inner tubes. It 
erves splendidly in all types of acid-handling equipment. 


'I\dvantages of butyl in inner tubes are: It holds air three 


times better than natural rubber, has good tear resistance, 
and has the ability to envelope small foreign particles that 
may be present in the compound. 


Tu1oxoL TYPEs: 


Used where resistance to deterioration 


js more important than physical properties. Typical appli- 
vell, gud cations are paint spray and solvent hose, certain packings and 
gaskets, oi] suction and discharge hose, printers’ rolls, tank 


linings, cable covers, tubing, sheet goods, tape, solvent- 
resisting sealing putty, selector valve rings, diaphragms, 
and cements. In general, excellent for all oil solvent, 
ozone, and sunlight resistant applications. Particularly 
efective in connection with aromatic blended fuels and 
lacquer solvents. aie 





Cottonseed Oil 
ee 
Dibutyl Phthalate ....... 
Diethylene Glycol .... 
Dioctyl Phthalate 
Ethyl Acetate . 
Ethylene Glycol 
oy Furfural 

Casoline 

Glycerine 

Heptane 

Hexane 

‘Bkerosene _ 

70 .—Mineral Oils 
Naphtha, Petroleum 
Nitro Benzene 

ae 

‘Bells, Mineral . 

ils, Vegetable 










A—Generally unsuitable; swells or softens. 


SSSSE: SSS. ARKAAN SSSSS RRARA: 


fExcept strong oxidizing acids. 
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SUITABILITY CHART 


B—Suitable under some conditions; swelling or softening is moderate. 
C—Is especially suitable; little or no swelling or softening. 


Note: Suitability ratings apply to representative compounds and are intended to be indicative rather than specific. 


















SELECTING AND SPECIFYING 


Where the data given in this work sheet is not sufficiently 
detailed to permit reliable selection of a synthetic rubber 
for a specific application, it is suggested that the designer 
contact a producer for recommendations. 

The producer should be supplied with information such 
as: Where the part is to be used and under what operating 
conditions? Wliat temperature range it must perform in? 
If oil or solvent will contact the part, what type of oil is 
involved—paraffinic or aromatic? Also, will the exposure be 
intermittent or continuous? Must part operate in presenee 
of water? Of ozone? What type or types of loading and 
of what magnitudes will they be? Will loads be applied 
intermittently or continuously? Will part be subject to 
flexing? How much? To abrasion? What electrical properties, 

wif any, are required? 


Natural 
Rubber Neoprene Thiokol BunaN Buna S Butyl 
c B Cc A C Cc 
Ci Ct B Ct Ct C 
Cc Cc C C Cc C 
Cc C C Cc Cc C 
A B A C 
Cc Cc C c C Cc 
B C C C B C 
A A B B A B 
A A B. A A Cc 
A Cc Cc Cc A A 
A A A B A A 
A A Cc C A A 
A A B A A A 
B C C C B C 
A A B B A C 
B A A 
C C i C 
B C A 
A A Cc A A GC 
C C C oe C Cc 
A A A A A C 
A B C Cc A A 
C C Cc C C c 
A B C C A A 
A B C Cc A A 
A B C Cc A A 
A B C C A A 
A B C Cc A A 
A A A A A A 
A B Cc C A A 
A B Cc C A A 
B C C C B C 
Not Suit. Good Res. Good Res. Not Suit. Not Suit. Good Res. 
A A B B A C 
A B C “ A A 
A A B B A B 
A B B c A A 
A A B B A B 
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‘*. . . supports research”’ 


To the Editor: 


I am glad to see from your fine editorial in the January 
issue of MacHINE Desicn that you are giving your full 
support to the prosecution of research as a major pre- 
paredness effort during the next peace period. Research 
is in my opinion, of such importance that it merits the 
greatest possible attention in the postwar planning of 
the executive departments of the Government, as well 
as of Congress. 

I have looked over your magazine with great interest 
and want to congratulate you on the high and interesting 
quality of the articles as well as the attractive presentation 
of your advertisements. 

—J. A. Furer, Rear Admiral, U.S.N. (Ret.) 
Coordinator of Research and Development 
Navy Department 


‘* . . cuts were transposed’”’ 


To the Editor: 


In your abstract of the writer’s recent S.A.E. paper 
(Macuine Desicn, January 1945, Pages 147 to 152) the 
word “Zerol” has been replaced by “curved tooth” in 
several instances. While it is appreciated that this may 
have been done to avoid excessive repetition of the same 
term, and with the thought that the context made quite 
clear what type of gear was referred to in each case, we 
fee] that the result is apt to be misleading. This is because 
Zerols, spirals and hypoids are all curved-tooth gears, 
each with its individual characteristics. Accordingly, the 
words “curved-tooth” should be replaced by “Zerol” in 
the following places: Page 148, Col. 1, lines 4 and 17; 
Page 149, Col. 1, Line 10. 

Also, it should be pointed out that Figs. 7 and 8, Page 
150, are transposed. 

—L. J. O'BRIEN 
Gleason Works 


Macuine Desicn apologizes for the inadvertent trans- 
position of the iwo cuts, and wishes to thank the author 
for pointing out the error.—Eb. 


PROFESSIONAL 
VIEWPOINTS 


MACHINE DESIGN welcomes comments from readers on subjects of interest 
to designers. Payment will be made for letters and comments published 


















‘© |. . shortens acceleration analys 


To the Editor: 

Recently I read Leon Beskin’s article “Simplified \ 
od Shortens Acceleration Analysis,” in your June j 
with great interest. Location of the center of curva 
of certain points in a mechanism aids acceleration 
ysis and provides the additional information n 
when the ordinary step-by-step analysis fails. 

However, Mr. Beskin did not mention the purely gr 
ical method of locating the center of curvature. Fo 
ample, in the accompanying figure which is similar to 





a) 








O 





problem illustrated in Mr. Beskin’s Fig. 1, the cele 
curvature O of point A is found at the intersection 1 
IA and CD when extended. The line IC represeals 
component of the velocity (V;) of the instantaneous @ 
I perpendicular to IA, and the line AD represents they 
ity (V,) of A. The construction necessary to de 
V, and V, are omitted for clarity. E 

The principle behind this construction is used ij 
author in developing his formulas, and since it ®# 
ical and the ultimate acceleration problem #8 
graphically, I think it deserves mention. The use® 
method in preference to the other would depend, } 
lieve, on one’s preference for graphical or compl 
work. 















—EpGAR ww 
Union Special Machitt 
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orrect 


Sleeve Bearings cannot be “nearly right.’ In order to 
function properly . . . to deliver the utmost in per- 
formance for the longest period of time . . . they must 
be correct in every single detail. Every measurement 
must be precise. The alloy must be strictly according to 
specifications. 


Producing bearings that are correct is an easy matter 
for Johnson Bronze. We start with highly skilled per- 
sonnel . . . employees with a fine appreciation of the 
need for accuracy. We employ up-to-date manufac- 
turing methods. Every single operation is checked and 
rechecked. Then we add our more than thirty-five years 
of exclusive bearing experience. 


The net result is a product of the highest quality possible. 
This is one reason why so many leading manufacturers 
in every type of industry continue to specify—Johnson 
Bronze for all their Sleeve Bearing requirements. 


JOHNSON BRONZE CO. 


525 S. MILL STREET - NEW CASTLE, PENNA. 
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Applying Electric Heaters 


to Machines 
(Concluded from Page 140) 


clamped anywhere throughout their length and are not 
subject to the hazard of a short circuit if a conductor 
comes in contact with the unit, as with open-type heaters. 
Typical is an application of heating a roll too small to 
apply heaters to the inside surface. Strip heaters are 
mounted on the shaft and the small amount of heat is ade- 
quately furnished by radiation without the need of slip 
rings for contacts or other special arrangements. For roll 


Fig. 8—Strip heaters on side folding and sealer plates as 
well as on bottom sealer plates melt the wax on bread 
wrapper to effect sealing 


heating where iow heat is satisfactory this method is rec- 
ommended when conduction heating is impractical. 

Convection method of heat transfer may be utilized 
when a self-contained system is desired, where heaters 
cannot be placed in contact with the heated part as, for 
example, in a small-diameter roll, and where the radiation 
method previously mentioned proves too inefficient or the 
temperatures required are beyond the economical capacity 
of a radiant system. The roll consists of two concentric 
tubes with the ends between the tubes sealed with disks, 
obviating the need of rotary seals at the bearings. Heaters 
of the immersion type are fastened in the hollow shell in 
any convenient manner and the leads taken off through 
slip rings. The enclosure is filled with a heat-transfer oil 
such as Dowtherm to form a fully enclosed system. The 
heat-transfer oil tends to distribute the heat evenly over 
the roll surface, reducing the “spot effect” of each heater 
element. 

Circulating systems require forced circulation and are 
the most involved of the four methods of heating. For 
this reason, this system should be used only where the 
others prove inadequate or impractical. The oil is heated 
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nearby with immersion heaters. Heat may be 
at a central reservoir or directly in the line. The | 
method has advantages in that less heat is lost dy 
radiation because the oil is not heated in large yg 
With this method, however, it is essential that the 
of the oil through the heater is sufficient to pre 
bonization. To protect against this, baffles may be yi 
to increase the speed of oil flow over the surfagey 
heaters. Because losses increase as the system hey 
larger, it is highly desirable to design the system ayy 
pactly as possible. The pump, its drive, fittings, seal 
tubing required add to the costs and complica 
system. a 

Cooperation of the following companies in guph 
information and illustrations is gratefully acknoy 
American Machine & Foundry Co., Brooklyn, N. ¥.( é 
4 and 8); Anderson & Bolds, Cleveland; Cutler-Ham 
Inc., Milwaukee; General Electric Co., Schenectp 
(Fig. 2); The Hilliard Corp., Elmira, N. Y. (Fig. Ty 
A Manufacturing Co., Buffalo, N. Y. (Fig. 6); 
tional Cigar Machinery Co., Flemington, N. J. 
Rockbestos Products Corp., New Haven, Conn.; 
house Electric & Mfg. Co., Mansfield, O.; ; Edwin Lf 
gand Co., Pittsburgh (Figs. 8 and 5). 





Most Maneuverable Weapon 


AST, light tank with automatic drive, eight sy 

forward and four reverse, mounts a 75-mm ca 
and has the fire power equal to that of a medium tu 
Capable of speeds over forty miles an hour, it has ba 
called by the Army “the fastest and most maneuver! 
combat weapon of its type in use by any belligerent 
any front.” 

Replacing the M-5, the new M-24 has a low silhou 
(its overall height being less than 87 inches and hull heg 
less than 60 inches), all important armored surfaces 
cluding the turret sloped up to 45 degrees for protect 
advantages, greatly reduced ground pressure in conjil 
tion with new track and suspension, and doubled obsta 
climbing ability. Reduced ground pressure is of a ln 
value than the tread pressure of an average man. 4 
power train utilized consists of two Cadillac V-typs 
cylinder engines and two Hydra-Matic transmissions 
ating through a power transfer unit. 
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When you turn to magnesium 
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4 Dow engineers and Dow fabrication plants 
are backed by 29 years’ unmatched experience 


euverad 

gerent 

rote When you work with magnesium, take full advan- _ fied magnesium line. But of equal or even greater 
conju tage of Dow’s knowledge and experience in han- importance to the manufacturer who buys this 
obs dling this lightest of structural metals. It pays, as | output is the wealth of technical, engineering 
. many manufacturers well know. For Dow is the knowledge which Dow likewise offers. 

“typ, @ Pioneer, with a background of 29 years’ intensive 
oso Work in producing, alloying and fabricating 

magnesium. 


silhoue 


This knowledge is yours to command. When you 
build a product incorporating the benefits of weight- 
saving magnesium, feel free to call on Dow’s trained 

These years of development and production expe- _ staff of magnesium consultants for advice and 
4 rience enable Dow to offer an exceptionally diversi- assistance. Simply contact the nearest Dow office. 


S DOWMETAL 


THE METAL OF MOTION 





4 
| AGNESIUM DIVISION, THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN { 


* Boston « Philadelphia * Washington «+ Cleveland + Detroit « Chicago « St. Louis * Houston + San Francisco « Los Angeles ¢ Seattle 
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Protected-Type Motor 


IDESIGNED FOR both drip-proof and open-motor ap- 
plications the new protected-type motor recently an- 
nounced by the Crocker-Wheeler Division of Joshua 
Hendy Iron Works, Ampere, N. J., is constructed to pro- 
vide protection against many of the most common hazards 
encountered in operation. The motors are rated on the 
same basis as conventional open types—40 degree Cent. 
rise, full-load continuous duty, with a 15 per cent service 
factor. Some of the features of this polyphase, squirrel- 
cage motor are the centrifugal bearing seals, aluminum 
diecast rotor, vinyl acetal protected windings, and the in- 











ternally-shielded, partially-enclosed frames and_ shields 
which prevent metal chips, dripping liquid and other 
foreign matter from entering the motor. Because of the 
shielded-ventilation construction, the motors may also be 
used for many services for which other types of en- 
closures have been specified. At present the motors are 
available in sizes up to and including the 284 frame, with 
mounting dimensions conforming to NEMA standards. 


Sensitive, Snap-Action Relays 
IBBECAUSE OF demand 


for sensitive, snap-action 
relays for a variety of ap- 
plications where low costs 
and ease of adjustment are 
required, Struthers-Dunn 
Inc., 1321 Arch street, 
Philadelphia 7, has rede- 
signed its Type 79XAX re- 
lay. Parts are accessible and sensitivity adjustments may 
be made easily in the new relay. .Snap-action design as- 
sures full normally-closed and open contact pressures. 
The feature of the armature almost completing its travel 
in either direction before contacts snap into the new 





New PARTS AND MATERIA 






















position permits a broad range of use including ygg 
tube circuits, overcurrent protection, pulsing circuits, 2 
applications where close differential or extreme sensity: 
is required. Contact ratings up to 10 amperes, 1]§ 
alternating current may be obtained. Sensitivity of jg 
watt is obtainable from special units employing x 
contact pressure and rating. 


Pillow Block Available 


OFFERED BY The Dodge Mfg. Corp., Mishawaka, 
a new bearing known as Type “E” is now being fumi 
in both pillow blocks and flanged units. The m 
designed to give 30,000 hours or more of service i 
conditions for which it is adapted as determined by 
use of standard selection tables applying to the compg 
line. Method of fastening to shaft is simple. On} 
end of the extended inner race is a steel collar hay 
two headless set screws spaced 120 degrees a 
extending through clearance holes in the inner me 
the shaft. These four set screws provide a positive 
to prevent rotation of the inner race on the shaft. 
compact housings are precision machined to close ti 
erances. Labyrinth seals prevent loss of lubricant af 








protect bearings against damage from dust, dirt or! 
ture. The bearings are assembled, lubricated and 


justed at the factory and while not fully self-ali aligning : 





they have enough self-alignment inherent in the des ot si 
and arrangement of the rollers to compensate for ai} i, P 
normal misalignment. D pre 
mir 

Quick-Fastening Lock Nut ope 

" f 





FFURNISHED IN two types—for sheet metal screws # 
for coarse machine screw threads—the new spring 
quick-fastening lock nut called Stalock announced by 4 
Precision Products Corp., Burbank, Calif., offers % 
grees contact with screw threads. This all- 
tact allows positive gripping action and at the same 
conserves tension locking power, thus permitting 
of the nut. When screw is tightened, spring 3 
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Multipress 


Why Denison selected 
IM RESIN-IMPREGNATED "“V" PACKINGS 


This highly versatile ma- 
chine tool typifies the prog- 
ress made in hydraulic oper- 
ation. Here is a compact 
press having endless uses, 
offering downward ram pres- 
or mo sures of from 300 to 8000 PSI, 
aid upward pressures to 5000 
align fingertip control, automatic cycling, 
e deigg*t Simple, lasting construction. 


'* “this self-evident that the hydraulic oil used 
0 provide speeds of from 20 to 200 inches 
minute must be held in strict control by 
oper packing of the piston rod. After 

investigation of various types of 





packings, VIM Leather “V"s of the new 
resin-impregnated series originally devel- 
oped for aircraft hydraulics were chosen. 
They hold a perfect seal at all working 
pressures from zero. to 16,000 pounds, and 
more, and they're moulded so that the 
smooth grain side contacts operating sur- 
faces, reducing friction. 


Remember them, please, when designing 
new hydravlic equipment, and let us help 
you design a perfect packing installation. 


E. F HOUGHTON & CO. 


Philadelphia and all principal cities 


(aoe od VIM ahs Bhing | 
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nut causes contact surfaces to be forced deeper into 
thread channels providing greater locking action and pre- 
venting nut from loosening even under extreme vibration. 
Tests show the fastener meets demands of light assem- 
blies with performance exceeding AAF Specification No. 
25533. For sheet metal screws, standard sizes are Nos. 
4, 6, 8, 10 and 14; while for coarse machine screw threads, 





sizes are Nos. 6, 8, 10, % and 5/16-inch. Various shapes 
and sizes of special design can also be furnished on re- 
quest. Recommended installations in aircraft include line 
supports, sealing-strip attachments, mounting of cowling 
panels, housing assemblies, attaching of nameplates, etc. 


Two-Pole Circuit Breaker 


SMALL IN size and light in 
weight, a compact, two-pole 
breaker has been added to the 
line of circuit breakers built by 
Heinemann Circuit Breaker 
Co., 113 Plum street, Trenton, 
N. J. Having an efficient 
blow-out action and a fast 
latch mechanism, the electro- 
magnetic breaker illustrated is 
designed for service on 230- 
volt alternating current or 250- 
volt direct current of 50 am- 
peres maximum. It may be 
connected either front or rear. 
Designed to carry full load 
continuously, it has an instantaneous trip at eight to ten 
times full load. The breaker also has a selection of three 
time delays, any one of which may be specified. Over- 
all dimensions are: 51/4 x 211/16 x 2 inches. 





Precision Remote Controls 


For WARTIME uses a new line of electric positioning 
has been developed under the Yardeny System by Amer- 
ican Type Founders Inc., Remote Control Division, 11 
West Forty-second street, New York 18. There are four 
basic types of these remote controls, which in tests have 
indicated their reliability under extreme conditions of 
temperature, humidity, vibration and shock. These are: 
A continuously variable control which is a nonsynchronous 
follow-up control provided with a repeat back indicator 
for positioning the shaft of a reversible motor to any point 


180 





of any revolution. The second is a multiturn selecto; 
motor-driven device whereby its connected load may bg 
placed in any one of several (usually six) adjustable ». 
tions over one or a number of revolutions. The third j 
dual control which incorporates the features of both 4, 
continuously variable control and the multitum select, 
By this combination, the operator may position the jy 
to arly one of the preset positions, or by turning a jag 
to any point over the full range. The fourth is a; 
tegrating selector which provides automatic sett 
the load to a large number of positions by means A 
comparatively small number of pushbuttons. All the 
going controls are light in weight, small in size and 4 
pend on electromechanical principles. They are builiy 
any current characteristics, and their applications jng 
the industrial, marine, aircraft and electronic fields. 


‘ 























Cored and Solid Bar Line Expanded 


ADDITION OF several dozen new sizes of cored 
solid bar stock in Oilite materials has been announes 
Chrysler Corporation’s Amplex Division, 6501 Ha 
avenue, Detroit 11. The new sizes embrace a ram 
%-inch to more than 12 inches in diameter. Inge 
use of the self-lubricating Oilite bronze and ferrous! 
Super-Oilite in bar form were given as the reason 
the expanded size list. Most important advantages¢ 
bar stock are the features of self-lubrication and hight 
carrying capacities. 


Selective Speed Gearshift 


To POWER MACHINE tools and other equipment 
quiring motor capacities of 1 horsepower or less, the 
Electric Motor Co., 1701 Findlay road, Lima, O., hast 
troduced its selective speed gearshift drive. This uit 
rated at % and % horsepower at 1200 revolutions m 
minute and at 1 horsepower at 1800 revolutions per m 
ute, and has four speeds. Weighing only 85 pounds, t 
unit has an overall length of 18 inches, including & 
shaft extension; the overall width, including terminal h 
and shifting lever is 12 inches; while the overall heig 








is 9 inches. Identified as Type R, it is designed * 
continuous operation, with ample overload capacity. 
company’s semienclosed, drip-proof,. ball bearing ™Y 
of either 2 or 8 phase, 50 or 60 cycle, 220, 440 o* 
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in THE KEELER potvcrapn LIE DETECTOR 


ineres 4 Jos tor Relays by GUARDIAN 


The Series 120 A-C Relay by Guardian is used in the Keeler Lie 
Detector as a control device for the amplifier in the electro-dermal 
recording section of the machine. This is a small, sensitive relay 
operating on any standard voltage up to 230 volts A-C. on any fre- 
quency between 20 and 150 cycles. Average power requirement of 
the Series 120 is 2 VA although where low current drain is an im- 
portant factor, this may be reduced to a minimum of 0.2 VA. 

This relay is especially designed for sensitive control of small cir- 
cuit combinations where only a minimum amount of space is available. 
It is available for D-C operation in Series 125. Write for Bulletin No. 
120 for A-C, or Bulletin 125 for D-C. 


When faced with certain situa- 
tions or conditions affecting the 
emotions, the body undergoes 
minute changes. The Keeler 
Polygraph (Lie Detector) detects, 
measures, and evaluates such 
changes. Recorded on a graph 
these changes provide clues 
whith help solve baffling crim- 
inal cases. The Keeler Polygraph 
is built by Associated Research, 
Inc. of Chicago. 


Series 120 A. C. Relay 


Consult Guardian whenever a tube is 
used—however—Relays by Guardian 
ere NOT limited to tube applications 
but are used wherever automatic con- 
trol is desired for making, breaking, or 
changing the characteristics of elec- 
Srical circuits. , 


GUARDIAN (@ELECTRIC 


1601-C W. WALNUT STREET 


CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR imOUSTRY 
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volts is furnished as a standard integral part of this unit. 5000 revolutions per minute. The indicator COnsisty 
The drive is reversible in all speeds with the use of a two units, the pick-up and the indicator. The niche 
reversing drum control. Single-phase units in above sizes, unit, a miniature six-pole alternator with a pe mill 
it is expected, will also be available when conditions magnet rotor, is mounted on a shaft the speed of 
permit. With evenly distributed speed changes, the ratios is to be measured. The indicator, a permanent m 
of Type R are 1 to 1, 1.33 to 1, 2 to 1, and 4 to 1. Shift- moving-coil type, meters the pick-up output on a 
ing is done by a small lever which can be extended to scale which covers 95 degrees of arc. Resistance of 
any required position. indicator has been made sufficiently high, so tha 
size or length of the leads connecting the unity 
: have no effect on accuracy, and the indicator mi 
Selector for Automatic Control located at any distance from the pick-up unit, a 
taneous and continuous speed indication is indepenis 
ADAPTABLE FOR use as an automatic or remote con- of the direction of rotation of the shaft. Pick-up wind 
trol device for railroad, radio, airport and many industrial 
applications, the compact FTR 800 automatic selector 
now being manufactured by Federal Telephone & Radio 
Corp., Newark, N. J., is offered for an operating life of 
4,000,000 revolutions at speeds up to 60 steps per second. 
The unit will make connection between a number of 
given circuits and a similar number of other circuits, each 
preselected from a group; will control and perform vari- 
ous operations among a group of circuits by making con- 
secutive individual connections; and will act as a timing 
device or switch when it is used in connection with time- 
pulsing apparatus. Also, it may be used in telegraph or = 
electronic equipment, remote control and signaling sys- j ail | 


ide RY nen iste, 


are stationary. Foolproof shaft coupling is provided, i 
the indicator may be bracket or panel mounted. The 
dicators are provided for full-scale deflection corespi 
ing to 1500, 2000, 2500, 3000 and 5000 revolutions 
minute, and special scales are available to read other i 


Heavy-Duty Gathering Pump 


‘INCORPORATING a number of changes and imj 
ments, the new gathering pump announced by Black 
Pump Co., Grand Rapids, Mich., has been designed 
gathering in the oil fields. Its capacity is 90 gallons 
minute; pressure, to 500 pounds per square inch; medi 
tems, testing and radio control. Rotor assembly is op- cal efficiency at 500 pounds per square inch, 85 per & 
erated by a stepping mechanism which responds to im- and suction pressure, 0 to 100 pounds per square ind 
pulses of current. After each impulse a reed-suspended The pump is powered by an engine or motor. Desig 
pawl engages a ratchet, moving wipers one step forward especially for outdoor service, the pump is of particula 
over the bank contacts. Connections are made by this rugged construction. 
method from circuits to other circuits. Stepping mech- 
anism may be controlled manually by a dial or other : 
means. Automatic control for the stepping magnet may Synthetic Rubber Adhesives 
be provided by interrupter springs, electronic circuits or | 
relay circuits. According to the type of wiper used Ss YNTHETIC RUBBER adhesives have beet | 
(double or single-ended), the selector can be arranged to nounced by The B. F. Goodrich Co., Akron, 0., 
have a capacity of from one to three 2-row levels of 22 have already been used on life-saving boats, tank ¢ 
points each or from one to six single-row levels of 11 pads, pontoons, tank linings, brake tubes, etc. Om@ 
points each. Dimensions of the selector are 2% x 3% x the types is for general utility use and will adhere ® 
3% inchés. most any clean surface. Synthetic cements are also 
able for heat vulcanization, air curing or cold adhest 
‘ ’ Compounded synthetic cements are suitable for 1 
Electric Speed Indicator leather and synthetic adhesions, to themselves or to @ 
other. These adhesives have a nontoxic solvent, 
DEVELOPED BY Reliance Electric & Engrg. Co., 1074 form a bond with a large variety of materials. For ™® 
Ivanhoe road, Cleveland 10, the new electric speed in- adhesion, two special cements have been deve _- 
dicator gives: accurate readings of speeds from 100 to known as the Plastilock 300 Series. The first is used # 
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_A business institution acquires a fine replated, 

not because of its size, not because of the dividends 
it pays, not because of the patents it holds; but 
because of the acceptance of its products and 
methods of doing business by prospects, by cus- 
tomers, and by its employes. 


For over fifty years prospective customers for Falk 
products have been gracious in their acceptance 
of Falk representatives. 


Actual customers have purchased and repurchased 
Falk products year after year. 


Falk employes are proud to be associated with 
the Falk Corporation, and verify their pride by 
mony years of service. 


This is evidenced by the Navy’s acceptance of Falk 
products since before World War |; by the attitude 
of the Falk management toward Falk employes dur- 
ing the lean years of the economic cycle; by the 
honors bestowed upon Falk officials; by recognition 
of the high standards of its employe relations ac- 


corded by a national magazine; and by interplant - 


_ and office activities of the employes themselves. 








it has long been an axiom of the Falk manage- 
ment that "to build a better product, first improve 


the man.” Falk quality is due in no smoll measure 
to the thoroughness of Falk apprenticeship courses. 


The same thoroughness employed in molding men 
is employed in molding Falk material. Falk casts its 
own steel in its own foundry to its own specifications. 


To secure the watch-like precision so choracter- 
istic of oll that Falk produces, it has always been 
the Falk policy to design its own machinery. 


Because Falk has always known its men, its ma- 
terial, and its tools, it logically follows that Falk 
engineering has always been better than it could 
have been, had this engineering been done with 
unknown components. 


All of this is just plain good business. No reputa- 
tion can ever be acquired, much less maintained, 
unless it is based on plain good business. For plain 
good business is business that is good first for the 
customer, then for the employe, then for the corpora- 
tion—and only then for the management. 


This is why Falk is ‘a good name in industry”. 


.A GOOD NAME IN INDU 


District Offices, Representatives, 
or Distributors in principal cities 


THE FALK CORPORATION, MILWAUKEE 8 WISCONSIN 
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vulcanized neoprene when it is bonded to porcelain, 
metal, etc., while the second is used with uncured neo- 
prene for the same purpose. 


Engine Hour Meter 


An ELECTRICALLY operated engine hour meter for 
indicating hours, and accumulated number of hours, of 
operation for trucks, tractors, marine motors, any unit 
driven by diesel or gasoline engines, and for use by 
laboratories or on testing work, has recently been an- 
nounced by John W. Hobbs Corp., Springfield, Ill. Hours 
of operation are indicated by three hands. One of these 
hands turns one complete revolution in 100 hours, the 














second, one revolution in 1000 hours, and the third, one 
revolution in 10,000 hours. The engine hour meter, 
mounted on the instrument panel, operates through the 
ignition switch or by use of a special pressure switch. It 
is available in direct current in ranges from 6 to 115 
volts; in alternating current in 110 volts, 60 cycle and 
220 volts, 60 cycle operation. Overall dimensions are 
2% x 2% inches. 


Plastic Blind Rivets 


IDENTIFIED as “Des- 
Rivets”, the new plastic 
blind rivets developed by 
the Plastic Development 
Division of the Victory 
Mfg. Co., 1105 Fair Oaks 
avenue, South Pasadena, 
Calif., are based on a 
wedging action and take 
advantage of flow charac- 
teristics of plastic mate- 
rials under pressure. They 
are molded in one piece, 
consisting of a head with plug attached by a thin break- 
away section and a tapered shank split to form four tapered 
fingers. Shank and head are hollow to the same diameter 
as the plug. The rivets are applied by pressing tapered 
fingers into a drilled hole. Taper on the outside diameter 
of the fingers reduces the inside diameter of the shank, 
the rivet and work being held in place by pressure of 
the depressed fingers. Impact from rivet gun shears the 
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plug and drives it into the plastic shank until the 
is flush with both ends of the rivet, maintaining) 
contour of the rivet head. Wedge action of the aa 
the tapered shank expands the fingers against they 
of the drilled hole and upsets the shank end @ 
rivet. The fact that the fastening creates its owny 
end by flow of the plastic allows for a wide vari 
the thickness of the materials being used. Rivets my 
single inserted or assembled in “sticks” by inserting 
undriven plug of one rivet into the shank of angi 
An automatic rivet gun is available to accommodate gm 
of rivets. A widé variety of shapes and sizes om 
furnished in several plastic materials including Nylon, 
in all conventional and many special colors. Phy 
properties, of course, depend upon the plastic from wham 
the rivets are molded. ? 


Heating Units Announced 


To MEET THE more spe- 
cialized requirements of ex- 
tended surface heating coils 
in air conditioning, heating, 
drying and processing sys- 
tems, the Modine Mfg Co., 
Racine, Wis., has developed 
a new and broader line of 
copper bl.st heaters and 
booster units. Available now 
for wartime priority applica- 
tions, these heating coils in- 
coyporate design modifica- 
tions which make them more 
adaptable to the actual needs 
of heating engineers and dry- 
ing equipment designers. 
The new coil design features all-copper and copper: 
condensers, die-formed fins permanently bonded to! 
by metal, pressure-resisting brazed construction of § 
carrying passages, and a new provision for even} 


_ distribution within the coils. Casings are designed! 


duct installation in vertical or horizontal positions a 
permit use of ducts having cross-sectional areas noi 
than the face of the coils. New baffle arrangement 
direct flow of air through the coil. Standard blast he? 
are available in seven types (combinations of tube @ 
and fin spacings), 17 lengths and 8 widths. Steaiii 
tribution blast heaters are furnished in 4 types, 9 le 
and 3 widths. Booster units can be supplied in $f 
8 lengths and 4 widths. This provides 561 indivaay 
coils from which to select in meeting exacting 1 
ments. . 


Super-Sized Plywood Panels 
Super-SIZED plywood panels are being prod "7 
Haskelite Mfg. Corp., Grand Rapids 2, Mich., in si 
large as 8 x 50 feet and in 1% inches in thickness. ” 
one-piece large panels are bonded with phenolic ™ 
glues in a single cycle, producing a uniform and stabi! Bwos 
panel of high structural strength. They are 4 . 
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YEARS O F STEEL CASTING KNOWLEDGE 


Qrtbargh 


STEEL FOUNDRY CORPORATION 


GLASSPORT, PA. 
Sales Offices: NEW YORK + PHILADELPHIA * WASHINGTON AND CHICAGO 








plywood construction (Plymold) or plastic-coated (Plasti- 
ply).' For boat planking and decks, bus, truck, trailer and 
train floors and sides, this panel offers many advantages. 
Structural characteristics eliminate the need of many ribs 
and other structural members in the fabrication of the 
panels. 


High-Vacuum All-Purpose Pump 


IKKNOWN AS THE Flow-Master, the new all-purpose 
pump of Marco Co. Inc., 511 Monroe street, Wilmington 
17, Del., will transfer, meter or proportion any material, 
light or heavy and viscous. So constructed that it can 
be disassembled, cleaned and reassembled quickly, this 





positive displacement pump maintains a steady, nonpul- 
sating delivery. Rotors in the pump are hydraulically 
balanced; thus friction at this point is negligible. Seals 
are of single-gland type, housed in stainless steel armor. 
Standard pumps are built in capacities for all standard 
ranges, and are of stainless construction unless otherwise 
specified. 


Engineering Dept. Equipment 


3-Way Artists’ Board 


C oMBINED IN one unit by Engineering Manufactur- 
ing Co., Sheboygan, Wis., is a revolving drawing board 
on a base adjustable to the angle, height and working posi- 
tion required. The board swivels on a strong steel center 
pin, and special friction inserts assure position at any point 
of a 360-degree arc. A steel bracket gives positive adjust- 
ment and locking to the work angle required, and a spring- 
action clamp permits a shifting range of 8% inches up or 
down of the working table on the base. 


New Photographic Paper 


RECENTLY PERFECTED by Peerless Photo Products 
Inc., New York, a new type of photographic paper will 
enable the blueprint operator, without the installation of a 
darkroom or special printing equipment, to make black 
and white photographic reproductions on either paper or 
transparentized vellum. Blueprints, old yellowed draw- 
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_ Pencil Corp., Mount Vernon, N. Y. It is made with ap 





ings or weak pencil tracings can be copied; also highs 
trast, litho-type paper negatives can be made even 7 
pencil drawings. Such negatives are Particularly ys 
for positive reproductions on cloth. The paper can | 
handled and processed without dimming the usual jg) 
in the room, and has new antidiffusion characteristi« 
improve definition and permit full, noncritical exp), 
without closing up or losing fine lines. It is also repo 
to be a good medium for copying letters or documens 
they produce a fine reflex-type negative. 





Stroboscope Developed 





IBBASED ON A NEW principle, the recently devel 
CML Model 1200 stroboscope of Communications \\p 
urements Laboratory, 120 Greenwich street, New Yo 
increases the range through which moving objects may 
examined. Rotary speeds from 600 to 600,000 rev 
tions per minute or vibrations from 10 to 10,000 cycles) 
second can be stopped and studied. - The light sour 
mounted in a small probe at the end of a 5-foot flexi 
cable, making small objects readily visible at close rag 
Provision is made to operate the unit from external tuis 
fork or crystal standards where extreme accuracy is 4 
quired. The motion of objects moving at irregular sped 
may also be stopped and viewed. The pulse being 
rived from a stable audio oscillator, an accurate repelili 
pulse rate is obtained. A light intensity control 
provides for greater flexibility, enabling the user to 
both the light intensity and the duration of the pi 
length. 









Multiple Carbon Pencils 


Mi ADE IN THREE degrees—medium, firm and hari 
new special type of pencil known as DuroLead Multp 
Carbon Copy No. 700 has been developed by Relist 


ented lead and exclusive process of bonding wood 
lead to give the pencils 25 to 75 per cent greater streng 
The pencil is smudgeless, making clear, easy-to-read 0g 
inals and six or more carbon copies. Regardless of wi 
ing pressure, the lead is said not to cut the top sheet. 


Tape Dispenser Offered 


AN IMPROVED MODEL of Tapemaster, for dispets 
paper, cellophane or cloth adhesive tape, has been 4 
nounced by Bauer & Black, Division of The Kendall 

2500 South Dearborn street, Chicago 16. Among the @ 
vantages of the new model is its all-metal, sturdy @ 
struction. The cutting knife is attached to the rocker a 
removable to facilitate loading. This arm provides @? 

ing surface to grip the tape, while the desired length 
flicked off. When the brake releases, a short tab of taf 
is ejected for the next use. A° new suspension aims 
ment permits use of any sized tape or combination of § 
to a total tape width of 4 inches. Also, rolls of t 
wound on cores of any diameter larger than 1 inch eam 
used. 
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COLD FINISHED 


BESSEMER 
SCREW STOCK 


Uniform Bessemer Flame Control free 


cutting steel for superior parts. 


Our metallurgical engineers will be glad to 


discuss your production problems with you. 


JONES & LAUGHLIN STEEL 
CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 
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Francis J. Rouvan S. L. Eastman 


F RANCIS J. ROUAN has reached 

the top creative engineering post at 

Pitney-Bowes Postage Meter Co. in 

being appointed chief development 

engineer for the company. Coming “up-from-the-ranks” Mr. Rouan 
began his career at the age of seventeen as a cub-draftsman in 1922, 
and in the ensuing twenty-three years he has tackled practically every 
job in the development engineering department which he now directs. 
Most of his work has been of an all-purpose character such as is typified 
by the activities of the drafting, experimental and development engi- 
neering departments of medium-sized specialty manufacturers. His 
many years of work on the company’s various postage meter machines 
and special post office machines brought recognition in 1939 with the 
appointment as assistant to the chief designer, the late Linden Thatcher, 
whom Mr. Rouan now succeeds. Two years later—again under Mr. 
Thatcher—Mr. Rouan was appointed assistant chief engineer in charge 
of design, from which post he was advanced to chief development en- 


gineer. 


S$ L. EASTMAN has recently been named chief engineer of The Cleve- 
land Worm & Gear Co., Cleveland. His connection with the company 
dates back to his graduation from Case School of Applied Science in 
1927. Since then he has served in various capacities, his first assignment 
being in the testing laboratory. Later he was made sales engineer and 
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Clinton R. Hanna 


NY. 
OG; 


assistant sales manager. In Apmh 
he was promoted to the position da 
ant chief engineer, in which o 
ke served until his present appoint 


C LINTON R. HANNA, inveatord 
tank-gun stabilizer which enables , 
tanks to fire accurately while in m® 
has been appointed associate a 
of the Research Laboratories, Wé 
house Electric & Mfg. Co., Eat 
burgh, Pa. Mr. Hanna who sings 
has been associated with the comp 
the development of new appa 
also manager of the electro-me@ 
department of the Research 
tories. He has credited to him 
than 80 patents in the United Staté 
foreign countries. For his work # 
development of the tank gun 5@ 
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WAR TESTED ON AIRCRAFT ALL OVER THE WORLD 
NOW AVAILABLE FOR INDUSTRIAL APPLICATIONS 


3 PIECES (&acw rePLaceasie) 


ASSEMBLY WITHOUT SPECIAL 
r peoke} Sam, fommeici. ba3, ii, icmmen 
ADJSUSTMENT AFTER ASSEMBLY. 
FITTINGS CAN BE REMOVED 
FROM HOSE AND RE-USED 
OVER 100 TIMES. 
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; Mr. Hanna was awarded a Presidential Citation jg 








PUMPS 


be sure to specify 


BLACKMER ROTARIES 


... THEY ARE 
SELF-ADJUSTING FOR WEAR 




















Wear is confined to these 


e This much can wear 
points . . the tipsofthe away without affecting 
buckets.” thecapacity ofthe pump. 


""BUCKET DESIGN'' 


(swinging vane principle) 
is a Blackmer cost cutting feature. 





STANDARD CONSTRUCTION 

@ Unlined for oils, syrups, etc. 

@ With removable liners for corrosive or 
abrasive liquids 

@ Steam-jacketed for extreme viscosities 

@ With removable liner and steam-jacketed 











We Design and Build Special Pumps 
Our Engineers Are at Your Service 


POWER PUMPS 
Capacities to 750 G.P.M.—Pressures to 500 psi. 


HAND PUMPS 
Capacities to 25 G.P.M.—Pressures to 125 psi. 


Write for Bulletin No. 306—Facts About Rotary 
Pumps. 


BLACKMER PUMP COMPANY 
Grand Rapids 9, Michigan 


1970 Century Avenue 






BLACKMER kKotu4 DLUIMDPS 


BUCKET DESIGN -SELF-ADJUSTING FOR WEAR 











His work also includes the design of an automatic 
regulator which is applied to motors, turbines g 
devices, including the tank-gun stabilizer. The @ 
of development work on the Westinghouse Photos 
one of the first successful methods of producing 
movies—is also credited to him. Prior to 1928, 
was engaged in research on loud speaker equipme 
on power tubes for radio receiving sets, Later 
vestigated noise measuring apparatus and methy 
quieting equipment. His work with gyroscopie " 
basis of the tank-gun stabilizer, goes back to 1936) 
he developed a gyroscopic regulator for steel m 
motors. Mr. Hanna graduated from Purdue unj 
1922 with a degree of bachelor of science in elects 
gineering, receiving the professional degree of egy 
engineer four years later. 
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James C. Hart ey has recently been made dines 
research of the Heppenstall companies, Pittsburgh] 
port and Detroit. The research laboratories are log 
Pittsburgh. j 






° 
















Wi. DE Back, an inventor-executive, has bed 
pointed vice president and a member of the executives 
mittee of the Food Machinery Corp. Formerly he 
vice president and general manager of Chisholmy 
Co., and prior to that was an executive and engineer} 
Food Machinery Corp. 






+ 






E. W. Forxner, formerly chief engineer of Feder 
chine & Welder Co., Warren, O., is vice president in ch 
of operations for the newly formed Precision Welder& 
chine Co., Warren, O. 






¢ 







ZoLLY CARLTON VAN SCHWARTZz has left the posta 
gineering coordinator, Firestone Aircraft Co., and @ 
chanical research and development engineer for Fire 
Ordnance, to join Peck Stow & Wilcox Co. as chief 
chinery and development in the technical division. 








. 

Cares E. My es has become design and project 
gineer of Durasteel Co., Hannibal, Mo. Previously be! 
been design and research engineer of McQuay Noms ii 
Co., St. Louis 10. 





. 

James B. Foro, formerly senior aeronautical engine! 
the Civil Aeronautics Administration and chief engi 
Doak Aircraft Co., Torrance, Calif., has been elected’ 
president of engineering. 










o 

LeRoy A. PETERSEN succeeds the late Jesse H.' 
Alstyne as president of Otis Elevator Co. Mr. #@ 
had previously been executive vice president. 

<. 

Roy P. Tooke has recently been appointed 4 
chief engineer of the General Engineering Division, ™ 
ican Rolling Mill Co., Middletown, O. 

. 

Rozert C. KELxocc, formerly standards engineet, ” 
solidated Vultee Aircraft Corp., Allentown, Pa., 8 
made production engineer, Perfection Stove ©: 
Cleveland. 
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BEARINGS: af YATT 


Emsco’s new C-16 Duplex Slush Pump is distinguished by its 
extremely light weight but very rugged construction. 

Combining high precision, great stamina and longer 
service life with compactness, Hyatt Roller Bearings, on 
main gear and pinion gear shaft, have helped make 
possible the design improvements and increased efficiency 
of this new slush pump. 

If your engineers are striving for machine simplification, 
greater precision and maximum performance with reduced 
maintenance requirements, Hyatt will gladly advise on 
anti-friction problems. 


HYATT BEARINGS DIVISION, GENERAL MOTORS CORPORATION 
HARRISON, NEW JERSEY 
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TYPE DBZ 



























BACKLASH, FRICTION, 
WEAR AND 
CROSS-PULL 


the four destructive evils 


found in other types and 


makes of couplings. 


NO BACKLASH 
NO WEAR 

NO LUBRICATION 
NO THRUST 

FREE END FLOAT 


These are the five essential 
features of Thomas Flexible Couplings 
that insure a permanent carefree 
installation. 

















TYPE DBZ-b 







WRITE FOR COMPLETE 
ENGINEERING CATALOG 


THOMAS FLEXIBLE COUPLING CO. 
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BUSINESS AND 
SALES BRIg 






(CONNECTED with the company since 1984, Robs 

Bockrath has been made manager of magnesiig 
for the Houston, Texas, office of The Dow Chemical Go, 
land, Mich, Mr. Bockrath will operate under Arthur Sui 
southwestern sales manager of the magnesium division, 
has headquarters in St. Louis. 
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Addition of two new engineers to the staff of the Da ° 
office has been announced by Kennametal Inc., Lath 
They are: Leonard K. Weeks, previously service engine 
Cincinnati Milling Machine Co., and John R. Gough, fn 
tool supervisor for George D. Roper Corp. 


Appointment of Charles C. Bray as assistant to the ma 
of the Worm Gear Division has been announced by De 
Steam Turbine Co., Trenton, N. J. Prior to his appointm 
had been a metallurgist for Joseph T. Ryerson & Sons, 
in the special steel department of the Philadelphia office. 














* 


Previously sales manager, Walter W. Bertram ha 
elected vice president in charge of salés for Morse Chais 
division of Borg-Warner Corp. Replacing him as sales 
ager is Robert J. Howison, who had been in charge d 
motive sales. 


mpage bi 


° 





Establishment of an Indianapolis district sales office in 
831-3 of the Architects & Builders building has been ann 
by Inland Steel Co., Chicago. Norbert E. Smith, whos 
as a representative of the Chicago office since 1936, has! 
appointed district sales manager of the new office. 


> 


ee eee 
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To its rapidly expanding field engineering staff but 
Welding Alloys Co. has added C. F. Patterson who wil 
the Michigan territory. Ancther appoinment is that d d 


A. Owen as field engineer for the state of North Gm 
Mr. Owen is a veteran welder, having owned and op p 
a welding and machine shop for twenty-eight years. d 
+ x 

St 


Recently announced is the appointment of H. ©. 4# 

as assistant general sales manager of Wickwire Spent q 
and its subsidiary, the American Wire Fabrics CoP §  p, 
Allington had served in the capacity of sales research e 


in charge of the development and expansion of matkets 
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Gerotor May Corp., Baltimore, has purchased the Oo 
Machine Products Co., Logansport, Ind., manufacturer 4 
and hydraulic equipment for machine tools and other iné® 
applications. John C. Cotner, organizer of the Cotné? 
pany, was elected a vice president and director of the 6 
May Corp. shortly after the transaction was completed. A 
Esser, formerly chief engineer of Logansport Machine (i 
















MACHINE Desicn—Marth, CHIN: 


ppointme 
: Sons, se 
ia office. 


“YOU SOLVED 
OUR PROBLEM!” 


says the chief engineer of 
| @ prominent manufacturer of 
' pressure reducing valves 


“Surface hardened stainless 
steel proved to be the an- 
swer for prolonging the life 
of the working parts of our 
pressure reducing valves 
—even though the following 
hazards always are present: 


“Dry, sliding friction under 
high temperatures trasps away at the 
surface of cylinder lining and piston 
wall... high pressure steam at 600 psi. 
develops pressure-cutting velocities to 
tuin valve seats . . . heat—750° of it— 
Places heavy strain on valve stems and 
Close fitting surfaces. 


“The glass-hard surface provided by the 
Stainless Surface Hardening Process 
Plus the inherent corrosion resisting 
qualities of Stainless Steel licked our 
Problem, I’m glad to say.” 


Combining the corrosion resistance of Stainless with the abrasion 
resistance of a nitrided surface, the Stainless Surface Hardening 
Process minimizes operating hazards likely to endanger vital work- 
ing parts of your product. 

This efficient new process provides stainless steel with a “‘glass- 
hard” (91 to 97 Rockwell 15-N) surface. Dimensional charac- 
teristics are not appreciably affected . . . for parts machined to 
almost exact dimensions need only a light grinding or lapping 
after processing. 

Both austenitic and martensitic grades of stainless steel now 
can be surface hardened with this process. Highly stressed parts in 
which heat treatment has developed high tensile strength, ductility 
and impact resistance, can be surface hardened by this process to 
insure great abrasion resistance, without altering core properties. 

Surface hardening will extend the service life of your stainless 
steel valves, pumps or instrument parts .. . 
write or call today for detailed information. 


EVERYTHING IN STAINLESS STEELS! 


Whatever your Stainless requirements—sheets, bars, 

tubing, wire, valves, fittings, even bolts and nuts— 

the inventory of Industrial Steels, Inc. is complete 

and comprehensive . . . and you'll receive same-day 

attention to your order. One way to save valuable 

time and needless bother...one way to speed all your Stainless requirements to 
your plant . . . is to place your entire order with Industrial—where the largest 
and most diversified warehouse stock of stainless steels in America is main- 
tained. Expert metallurgists at Industrial gladly will assist you with any 
Stainless specification or fabrication problem. For complete catalog, write 
Industrial Steels, Inc., Cambridge 41, Mass. 


STAINLESS SURFACE HARDENING CO. 


255 BENT STREET, 


SUBSIDIARY OF INDUSTRIAL STEELS, INC. 
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CAMBRIDGE 41, MASS. 


193 








EE MT 





DIE-CASTINGS 


SIMPLIFY 
HOMELITE GENERATOR 
ASSEMBLIES 


By die-casting brush holders and rings HOMELITE 
Corporation was able to junk a complicated rivet-and-weld 


assembly of twelve parts for a stronger, more dependable 


one of only two parts, in their well-known HOMELITE 
Portable Generators used in Army Liberators, Flying Forts 
and other planes. 


In addition, by die-casting carburetor cover and fittings 


more time and money were saved. 


Moreover, it was found that the tolerances in every case 


were close enough to make unnecessary any machining. 


Think what this means! With limited available manpower 
HOMELITE was able actually to turn out a better product 
faster and at lower cost. 














This is no unique experi- 
ence. Again and again, in 
all manner of industries, 
ADVANCE castings have 
made other forms of fab- 
rication obsolete overnight. 
You, too, perhaps? Why 
not consult us? No obliga- 
tion. 





. has assumed his new duties as director of advertising or 











ADVAN C E PRESSURE CASTINGS, INC. 


ENGINEERS, DESIGNERS AND MANUFACTURERS OF DIE-CASTINGS OF “QUALITY WITH ECONOMY’ 





36 NORTH 15th STREET. BROOKLYN 22, NEW YORK 
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assistant general manager and chief engineer of the Ge, 
May Corp., Logansport, Ind. Among other key POSitions 
those of Don Thomas who is connected with sales ang Deine 
ing, and Jack Marsh also in sales. 
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Establishment of three new factory branches has bem 
nounced by Sterling Electric Motors Inc., Logs Angeles 
A. Adams has been appointed manager of the new Phi 
factory branch at 121 North Broad street. Mr. 
been a representative of the company in New York. Op 
the Detroit factory branch at 6432 Cass avenue will be 
White, a factory-trained sales engineer. O. M. MacN 
a factory sales engineer, has been named manager of the 


Seattle factory branch at 920 Second avenue. q 


S 


In addition to his present position as vice president andms 
ager of apparatus sales, C. H. Lang has also been gives 
direction of application and service engineering of Ge 
Electric Company’s apparatus department. The appoint 
of A. K. Bushman as manager of application and serieg 
gineering, apparatus department, has also been announcal 


¢ 


Sales manager of the Fort Pitt Steel Casting Co, fir 
past ten years, Thomas F. Dorsey has joined Pittsburgh § 
Foundry Corp. of Glassport, Pa., and will serve as a 
representative. 

. 


Appointment of Frank Roby as sales manager of tit 
dustrial controller division, Square D Co., with headquatta 
Milwaukee, has been announced. Mr. Roby, who left thes 
pany in 1942 for the armed services, replaces T. B. n 


Detroit and Milwaukee electrical divisions. 
r 


Recent changes in the sales department of PESCO Pr 
Co., Cleveland, include the promotion of E. S. Moreland 
general sales manager, A. E. Wilson as assistant sales mam 
for the automotive division, and Ray G. Holt and C. M. Sai 
as field representatives. 


TIM 


e ght yee 

Stackpole Carbon Co., St. Marys, Pa., has named Fu 
N. Townsend as export manager for the Electronic Cm 
Division, with offices at 254 West Thirty-first street, New Yo 


¢ 


Associated with Formica Insulation Co. since 1923, Will 
O. Miller has been assigned to the New York office, while Fra 
C. Konersman who has been with the engineering staff of 
company fer several years will assist Frank Manley, ¥™ 
office manager. 


° 


In order to coordinate General Electric’s diversified inter 
and afford better service, ten commercial vice presidents 
the company, representative of every sales district in the Unil 
States, will relinquish their responsibilities for apparatus * 
and become members of the president’s staff. Those affect 
are: R. M. Alvord of San Francisco; T. F. Barton of New Yoo 
W. O. Batheider of Chicago; L. T. Blaisdell of Cleveland; W H 
Clayton of Dallas; E. H. Ginn of Atlanta; A. L. Jones of Dest | 
T. S. Knight of Boston; A. S. Moody of Portland, Ores * 
C. K. West. of Philadelphia. Taking over these duties ¥ 
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wi THE INTERNATIONAL NICKEL COMPANY, 
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for General Purpose 
Applications 


Types — Split Phase, Capacitor, 
Shaded Pole, and Direct Cur- 
rent 

Speeds — 1100, 
RPM 

Power 1/80 to 1/20 HP, de- 
pending on speed 

Voltages—up to 440 A.C. and 
250 D.C. 

Frequencies — 60, 50, and 25 cycles 

Bases—Solid, Resilient or Flange 

Mountings—Horizontal, Sidewall, Ceiling or Vertical, with 
shaft up or down 

Efficiency—High for such small powers 


OHIO MOTORS INCLUDE 


Split-phase induction to 1/3 Torque to 100 oz. ft. 
HP Shaded Pole to 1/30 HP 

Synchronous to 1/4 HP 

A.C. to D.C. Motor Generators 
to 500 watts 

High to Low Voltage D.C. 
Dynamotors up to 300 watts 


1700, 3400 


Direct Current to 1 HP 
Capacitor to 2 HP 
Polyphase to 2 HP 
Aircraft Motors 

Shell Type to 7% HP 











What is your problem? 


THE OHIO ELECTRIC MFG. CO. 


5906 Maurice Avenue Cleveland 4, Ohio 


———— 





be: C. E. H. Palmer of New Haven, covering the New ful 
district with headquarters in Boston; W. J. Dorworth of ji 
delphia, the Atlantic district; C. L. Redd of Birmin 
Southeastern district with headquarters in Atlanta; CW. 
of Cleveland, the East Central district; R. I. Parker of O, 
the Central district; H. A. White of Dallas, the Soy, 
district; F. H. Doremus of Denver, the Rocky Mountain g 
A. G. Jones of San Francisco, the Pacific district; and 
Murphy of Spokane, the Northwestern district, with hese 
ters in Portland. T. F. Barton of New York will cops 
the present to act as the New York district manager in a 
to his new duties on the president’s staff. 


e 


Purchase of the 30 Wythe Avenue building which 
present plant facilities has been announced by Advangsh 
sure Castings Inc. of Brooklyn, N. Y., manufacturer of deg 
ings. 

° 


H. L. Huntsinger has been appointed sales manager ¢ 
R-B-M Manufacturing Co., a division of Essex Wire Corp. Bi 
to his appointment he had been assistant to the sales map 
the Square D Co. at Milwaukee. 


e 


Change of name has been announced by Crowe Name> 
& Mfg. Co., 3701 Ravenswood avenue, Chicago. Heng 
the company will be known as Croname Inc. Manag 
personnel and facilities will remain the same. 


¢ 


Associated with the company for the past eight years, Dy 
Green has been made district manager in the New Yorka 
for Haskelite Mfg. Corp., Grand Rapids, Mich. Previously! 
Green had been district manager in the St. Louis area. 


¢ 


Announcement has been made of the appointment of 
W. Wilson as manager of the Glendale, Calif., branch 
for General Controls Co. Mr. Wilson will devote his time 
serving users of automatic controls in the heating, re 
aircraft and industrial fields throughout the Southern 
Arizona and Southern New Mexico area. 


e 


Since 1940 manager of the Fiberglas Fabrics division 
Toledo general offices of Fiberglas Corp., Ben S. Wright 
been transferred to Cleveland as manager of the corpor 
branch office located at 825 Hanna building. 


° 


Promotions of Howard Holmes to the position of sales 
ager and Russell Newcomb to sales promotion and adve 
manager of Simmonds Aerocessories Inc., New York, has 1 


announced. 
+ 


Two appointments have been made by United States Rud! 
Co.—that of H. S. McPherson of St. Louis as midwestem 
manager of the mechanical goods division and W. M. » 
of Kansas City, Mo., as southwestern sales managet. be 
Pherson’s territory includes Detroit, Cincinnati, Indiana? 
Chicago, Milwaukee and St. Louis, while Mr. Ballew wil 
responsible for mechanical goods sales in branch 
Kansas City, Tulsa, Denver, Houston, Dallas, New On 
Omaha and Minneapolis. 
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. \\ Sizes for 3/16" 
A\\\ to 1” cable 
Tightly swaged— \\ 


Give foul-free surface 


Straight shank 


Load is carried on di- 
rect line from cable, 
prevents slipping 








Precision forged 
of alloy steel 





Ample radius 


| ( } f Finished point 


Nulelelimlirtic(-Meitla lela) 


POULSEN & NARDON, INC. 


Terminal Box 2398 e Los Angeles 54, California 
- ¥ 
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NEW MACHINES- 


And the Companies Behind Them 


Air Conditioning 


Dehumidifier, General Air Conditioning Co., Oakley, Cincinnati. 

Self-contained combination dust collector and bench, Aget-De- 
troit Co., Ann Arbor, Mich. 

Automatic vaporizer, Spartan Co., Minneapolis 8. 


Industrial 

Unit type industrial dust collector, Ideal Commutator Dresser 
Co., Sycamore, IIl. 

High gross weighing capacity scale, The Yale & Towne Mfg. 
Co., Philadelphia 24. 

Floor cleaning machine, G. H. Tennant Co., Minneapolis. 

Centrifugal fan, Trane Co., La Crosse, Wis. 

Syphon insulation sprayer, Illinois Clay Products Co., Chicago 5. 

Water purifier equipment, American Cyanamid & Chemical 
Corp., New York 20. 

Inclined furnace, Victor J. Nelson Engrg. & Constr: Co., Bur- 
bank, Calif. 

Mercury arc frequency converter, Allis Chalmers Mfg. Co., 
Milwaukee. 


Metalworking 
Drill, Aro Equipment Corp., Bryan, O. 
Portable electric drills, Independent Pneumatic Tool Co., 
Chicago. 
Hydro-dynamic press for shells, E. W. Bliss Co., Brooklyn 32. 
Hydraulic universal grinder, Landis Tool Co., Waynesboro, Pa. 
Polishing lathe for odd-shaped parts, Crozier Machine Tool 
Co., Hawthorne, Calif. 


Vertical boring machine, Baush Machine Tool Co,, 
Mass. 

Milling machine, Davis & Thompson Co., Milwaukee jj | 

*Centering and cutoff machine, The Cross Co., Detroit 7 

*Fin miller, Sundstrand Machine Tool Co., Rockford, 


Office 
*Daylight photocopy machine, The Haoloid Co., Reds 


Packaging 
Packer for powdered materials, Triangle Package Maj 
Co., Chicago. 
Plastics 
75-ton vertical, hydraulic, high-speed plastic molding pq 
Baldwin Locomotive Works, Philadelphia 42. 
250-ton hydraulic, self-contained plain press, The Watson) 
man Co., Roselle, N. J. 
Refrigeration 
Prefabricated, sectional refrigerated rooms, Stoddard Mfg, 
Mason City, Ia. 
Restaurant 
Small, high-speed, heavy-duty dishwasher, The Jackson} 
washer Co., Cleveland 5. 
Road 
General-purpose mower, Allis-Chalmers Mfg. Co., Tractor 
Milwaukee 1. 
Textile 
Electronic dryer, Industrial Electronic Division, Federal 


phone & Radio Corp., Newark, N. J. 
Semiautomatic moisture tester, Brabenden Corp., Rochelle? 


N. J. 


*[llustrated on Pages 160-168. 
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